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David Van Nostrand was born in the 
city of New York, December 5, 1811. 
He was the son of Jacob and Harriet 
Rhoades Van Nostrand. His father was 
of pure Holland extraction and his 
mother of pure English, a union calcu- 
lated to transmit to its offspring the best 
traits of the two races to which is due 
that combination of enterprise and con- 
servatism, of refinement and integrity 
which have given New York City such a 
prominence in the annals of the State 
and country. 

Though originally of Long Island, his 
father removed early to the metropolis, 
where, in time, he became a successful 
merchant. Here eight children were 
given to him, of whom David was the 
fifth. Here in the year 1821 he died, 
devolving upon his widow the sole re- 
sponsibility of the care and education of 
five daughters and three sons, the sub- 
ject of our memorial being at the time 
but ten years of age. A woman of ex- 
emplary piety, excellent education and 
vigorous intellect, Mrs. Van Nostrand 
proved equal to the task, and before her 
own death, had the great satisfaction of 
seeing all her children reach adult years 
and enter upon their several paths in 


life, bearing characteristics of which any | 


mother might be proud. 


As a child, Divid was noted for his| 
love of books, giving to them, in prefer- 
ence to the usuil sports of boyhood, his 
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leisure hours. To that habit possibly 
was due in part his inability, even in the 
vigor of his manhood, to endure long- 
continued physical fatigue. He was edu- 
eated at “ Union Hall,” a famous classical 
school at Jamaica, Long Island, at that 
time under the charge of Dr. Eigenbrodt. 
An active brain, quick to perceive and 
comprehend, with an exceptional memory, 
mide study a mere pastime to the youth, 
ind his progress therein easy and rapid. 
When but eight years old his instructor 
piid him the compliment of a prize for 
his attainment in the Greek language, 
and at fifteen he was graduated from 
Union Hall with a high reputation 
for scholarship, well grounded in the 
elements of an English and classical 
education, ready to enter upon a colle- 
giate course. Though it was the wish of 
the mother that her eldest son should 
devote his life to the service of the 
charch, this promising scholar seems to 
have chosen a business career in prefer- 
|ence to the advantages of a liberal educa- 
tion, prompted thereto, possibly, by an 
impatient spirit of youth, eager to make 
its way in the world without waiting 
through years of college training. At the 
age of fifteen he entered the establish- 
ment of Mr. John P. Haven, a prominent 
| bookseller and publisher of New York. 
The duties of this new sphere of life, so 
/consonant to his tastes, seldom proved 
irksome, and recurring intervals of leisure, 
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morning and evening, for indulging his 
passion for reading, gave a zest to his 
labors. Though but a lad, his willing- 
ness, aptitude and devotion to the busi- 
ness gave him a rapid insight into all its 
details, and a familiarity with its multi- 
plicity of volumes. So much was he liked 
and trusted by the head of the publishing 
house, to whom his assistance soon 
became almost indispensable, that at the 
age of eighteen, when the resumption of 
his course of studies was seriously con- 
templated, Mr. Haven, rather than lose 
his services, promised him a partnership 
in the business when he should reach 
twenty-one years of age—a promise faith- 
fully kept. . 

Though his more intimate friends and 
his family regretted that Mr. Van Nos- 


trand failed to achieve a collegiate educa- | 


tion, in the belief that he would have 


been successful in any profession, there | 


can be little doubt that he chose a busi- 
ness suited to his tastes, for he had a 
craving for books, and reading was the 
one supreme delight of his life. 


So well | 


with the book business wss dissevered. 
While with Mr. Haven, Van Nostrand 
|made the acquaintance of cadet J. G. 
| Barnard, who was graduated at the U. S. 
Military Academy in 1833, a mere lad of 
eighteen years, yet one of the most bril- 
jliant scholars that institution had pro- 
'duced since its foundation. When the 
youthful Lieutenant of Engineers was 
|soon after assigned to duty in New York 
| harbor, congeniality of tastes and mutual 
jesteem brought these two friends into 
close companionship, and_ established 
their life-long intimacy. Later, when 
'Capt. Barnard was stationed at New 
Orleans, in charge of the defensive works 
of Louisiana and Texas, he invited Mr. 
| Van Nostrand to visit him, to be his 
| groomsman at his forthcoming wedding, 
and to remain with him as his clerk of 
‘accounts and disbursements. An ex- 
cellent accountant, ready with his pen as 
|ai figures, with good business experience, 
|he was well suited to his duties, nor did 
he find them unpleasant, in view of his 
pleasing relations with his early friend. 








established, when he had but just reached | Nevertheless the position did not fill the 
the age of manhood, in a congenial call-|measure of his ambition. It was too 
ing, married to a daughter of the Rev. | limited and unpromising a sphere for a 
Isaac Lewis, D.D., a prominent divine of| person of his intelligence and ability. 
that period, his future seemed full of|So he gave it up, but not without regret 
promise. But by strange vicissitudes of | at parting with his companion of many 
fortune, one disappointment followed | years. He always referred to this so- 
quickly upon another, changing for years |journ in New Orleans as a pleasant epi- 
the tenor of his life. As early as 1834,|sode of his life. There can be little 
some changes made by Mr. Haven in his|doubt that the association produced a 
business arrangements induced the with-| decided influence upon Mr. Van Nos- 
drawal of Mr. Van Nostrand, leaving him i'trand’s future career, by developing his 
to commence anew. Holding to the/natural taste for military and scientific 
occupation for which eight years of ex- ‘subjects, and by extending his acquaint- 
perience with close application had emi-|ance among men eminent in those 
nently fitted him, he entered into part-|branches of knowledge. So on his re- 
nership with Mr. William Dwight. Not|turn to New York he commenced the 
long after this change had been effected | importation of military books for officers 
he lost his young wife, to whom he had/of the U. S. Army, followed soon by 
been married only eighteen months. A_| orders from private individuals and from 
man of strong feelings, this first great | academic institutions for foreign books 
sorrow of his life depressed his spirits,|of science. Establishing his business 
checked his ambition and seemed for a! house at the corner of John street and 
time to render him indifferent to his | Broadway, when his importing trade was 
business interests. Scarcely had he re- | well developed he added thereto his own 
covered from the effects of this domestic | publications. Army and navy officers, 
calamity, when all branches of trade and | civil and mechanical engineers, architects, 
commerce were suddenly prostrated by | professors, authors, and scientists were 
the memorable crisis of 1837, which so|his frequent callers, for his familiarity 
far reduced the capital of his firm by/with the extensive technical literature 
losses incurred, as to lead to its dissolu-| embraced in his business, his courteous 
tion, and thus, for a time, his connection | welcome to visitors, and readiness to give 




















information to all inquirers, soon won 
him popularity and made him life-long 
friends. Even before the recent war for 
the Union, his importations and publica- 
tions, meeting a public need, had grown 
quite up to his room capacity on Broad- 
way, and his correspondence reached to 
the great book marts of the Old World, 
as well as to the principal cities of the 
United States, which he supplied with 
the greater portion of technical books 
needed in those branches of science not 
excluded from his catalogue. His mili- 
tary books were not restricted to import- 
ations, but included a large number of 
publications, some of which were valuable 
and costly editions. His naval publica- 
tions were more limited in number. Nev- 
ertheless his list of authors records the 
names of several distinguished officers of 
the navy. It was, however, by his large 
importation and publication of works 
on pure and applied science that Mr. 
Van Nostrand acquired prominence 
among the noted publishers and book- 
sellers of the world. To enumerate his 
valuable publications would require the 
reprint of a large portion of his long 
catalogue, not within the scope of this 
brief notice 

In 1869, finding his accommodations 
on Broadway too restricted for his exten- 
sive business, Mr. Van Nostrand removed 
to No. 23 Murray street, a building which 
extended through the block to Warren 
street. The upper story was utilized for 
storage, the second for the display of his 
large collection of standard works, em- 
bracing the whole range of physics, 
engineering, civil and mechanical, mining 
and metallurgy, and architecture, with 
every branch of military and naval art. 
Thus in twenty years his patient and 
intelligent devotion to his business had 
made him the most prominent importer 
and publisher in the United States of 
books purely scientific and military. 

In 1869 Mr. Van Nostrand commenced 
the publication of an engineering maga- 
zine, for the most part an eclectic, but 
open to mathematical discussions and 
scientific investigations bearing upon 
questions of undoubted interest to the 
engineer. It was conducted during the 
first year by the late A. L. Holley. Since 


1870 it has been edited by Professor | 


Plympton. Intended for a standard 


work to rank with the ablest magazines | 
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of the kind published abroad, which it 
has undoubtedly done from the begin- 
ning, it could not assume the popular 
form, or find space for text-book instruc- 
tion and mere practical details, but has 
been, for the most part, restricted in its 
original contributions, as in its selected 
articles, to productions of a high order of 
merit, touching important engineering 
problems of the day. Too restricted 
and technical to meet a popular demand, 
its circulation, though reaching rem >te 
countries, has been limited mostly to an 
advanced class of engineers. 

The general prosperity of our country 
for nearly a decade after the War for the 
Union had ceased, since 1875 has been 
followed by a depression, equally far- 
reaching, from which the business inter- 
ests of the land are still emerging with 
but slow progress. Mr. Van Nostrand 
felt this depression seriously, as it bore 
so heavily upon builders, engineers, 
metallurgists, and the workers in every 
branch of mechanical art, largely his 
customers, and the more, that, for nearly 
all this period, he was more or less an 
invalid, unable to give that close atten- 
tion to his affairs, more than ever 
needed, which he had done in antecedent 
years. The duties of a successful pub- 
lisher involve unremitting attention as 
well as ability and sound judgment. To 
determine the absolute merit and prob- 
able reception, if given to the public, of 
the many proffered manuscripts on tech- 
nical subjects, is not an easy task, even 
for an expert with a life-long experience 
and undoubted ability. 

Mr. Van Nostrand gave an impulse to 
scientific investigation in this country by 
importing so large an assortment of 
books, embracing every branch of physics 
in its extended sense, open to the inspec- 
tion of all interested therein, and by en- 
couraging native talent to make itself 
known ; and among those who have since 
attained distinction, many will remember 
the friendly advice that stimulated their 
ambition and started them as authors. In 
fact, the influence of his publishing house, 
ably and liberally conducted, could not 
be otherwise than beneficial to a people 
rapidly growing up to independence of 
thought and action in every department 
of knowledge. His creditable part in 
this advancing growth, so fully and 
generously acknowledged abroad, as 
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evinced by the complimentary notice in|the Rev. Jacob Van Nostrand was for 
Triibner's Record, is equally appreciated| many years an instructor in the New 
on this continent, at the centers of scien. | York Institution for the Deaf and Dumb, 
tific progress, and by all those who are} and later Superintendent and President 
cognizant of his life-long labors. Noth-|of a similar institution in Texas: He 
ing better attests the intellectual mate-| was a thoronghly educated, able scholar, 
rial advance of our people, during the} of a benevolent, sympathetic disposition, 
past quarter of a century, than this pro-| who devoted his energies to his profes- 
gress in physics and its application to the | sion, the education of the deaf mute. The 
mechanical arts, by the great army of| oldest brother outlived the two younger 
workers, from the humble artisan,|as well as his sisters, though for several 
through all grades, up to the master | years an invalid. 
minds engaged in searching out and| Although his school days were ended 
making known Nature’s hidden truths. | before he was sixteen years old, Mr. Van 
Mr. Van Nostrand, in his devotion to| Nostrand’s education, self-imposed, was 
his profession, did not lose from sight | continued through life. From his youth 
the welfare of his native city, but, on the upwards his evening hours were for the 
contrary, was interested in several organ- | most part given to reading, whereby he 
izations instructive to its people. A | became well versed in general literature, 
member of the Historical and of the!and fairly so in the civil and military 
Natural History Societies, a subscriber! histories of the leading nations of the 
to the Art Union, a fellow of the Acad-| world. He was well posted as to the 
emy of Design, and a member of the| current topics and interests of the day, 
Metropolitan Museum of Art, he con | and more especially within the limits of 
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tributed his portion to these valuable in- 
stitutions for many years, not forgetting | 
those devoted to charitable purposes. | 
One of the originators of the Union 
League Club, formed to encourage pa | 
triotic sentiment among the people of| 
New York, and to uphold the National | 
Government in its struggle to preserve | 
the Union, he gave much time, as an act- 
ive member of the Executive Committee 
to further those ends. His pride of an-| 
cestry induced him to join the St. 
Nicholas Society early in life, and he was 
one of the founders of the Holland 
Society and the St. Nicholas Club. The 
Century Club was, however, his favorite 
resort. There he met, more than else- 
where, his old-time associates and valued 
friends, and it was a matter of regret to 
him, in his later years, that illness often 
prevented his attendance at its monthly 
meetings. 

Mr. Van Nostrand’s two junior broth- 
ers were graduates of the University 
of New York, the elder taking orders 
in the ministry, the younger devoting 
himself for a time to the law, but neither 
held fast to his original profession. 
Rhodes Van Nostrand, after a little law 
practice, took up civil engineering as a 
profession more congenial to his tastes, 
but died in the prime of his manhood. 
Compelled by ill-health to withdraw 
from his ecclesiastical ministrations, 


the English-speaking people. His knowl- 
edge of books and authors was remark- 
abie, for before disease had begun its in- 
roads his memory seemed to retain al- 
most every impression that it had ever re- 
ceived. He was reticent in reference to 
his own accomplishments, for vanity was 
not one of his characteristics. He wrote 
tersely, but with great fluency, his letters 


| being models of directness of thought and 


purpose. It is to be regretted that he 
did not, from his youth upwards, devote 
some of his leisure hours to authorship, 
as his habit of continuous reading culti- 
vated his perceptive and receptive facul- 
ties, at the expense of his reflective and 
|imaginative. He was recognized as a 
| man of intelligence and ability, not 
jonly by his intimate friends, but by 
|the many educated people with whom 
| he came in contact, in social and in busi- 
ness life. For nearly thirty years before 
Gen. Barnard’s death, the intimacy of 
their younger days was renewed, nor 
was it the less agreeable from their 
changed circumstances, the one standing 
at the head of the principal scientific 
publishing house in America, the other 
in the foremost rank of engineers and 
mathematicians of our country. It was 
a friendship that strengthened with 
years, for Mr. Van Nostrand was one of 
those who never lose their hold upon real 
friends, nor fail of appreciation under 
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the critical eye of intimacy. He cared 
little for companionship with common- 
place people, but sought rather the so- 
ciety of men of character and intellgence. 
Refined in his tastes, temperate in all 
things save in his passion for reading 
and music, and familiar with the produc- 
tions of the masters of that art, society 
life, in its general acceptation, was not to 
him a necessity. Its excess was weari- 
some, for he possessed within himself, 
more than most men, resources for bis 
own entertainment. He was a lover of 
the fine arts in their fullest signification, 
and saw in the wonderful specimens of 
exquisite design and workmanship of the 
artisan the touch of inspiring genius, as 
in the masterpieces of painting, sculpture 
and music. 

A few years after his re establishment 
in business, Mr. Van Nostrand was mar- 
ried to a daughter of E. W. Nichols, in 
former days a well-known merchant in 
New York. 

Mr. Van Nostrand’s sedateness and 


solidity of character did not in the least | 


render him taciturn. Though a ready 
talker when interested, his conversation 
did not incline to the mirthful and hu- 
morous. Appreciative of true wit, a 
coarse sentiment was repugnant to his 
native delicacy, and in my long acquaint- 
ance with him I cannot recollect that 
one ever fell from his lips. Charitable 
by nature, he contributed, as far as he 
was able, to the necessities of the unfor- 
tunate. To his sisters he was a kind 
brother, to his mother a devoted son. 
So long as his health permitted he was 
regular in his attendance at the services 





of his church, holding to his faith with 
that tenacity which he evinced in all the 
ways of life, for firmness of purpose was 
his by right of birth. 

In person Mr. Van Nostrand was 
rather below the medium height, but his 
broad shoulders, grand head, and strong- 
ly-marked, intelligent face, gave him an 
air of solidity and dignity, so that among 
notable men he could not fail to attract 
observation. Though a great sufferer 
through the last nine years of his life, 
from chronic, and at times from acute 
ailments, he did not relinquish his busi- 
ness, but patiently struggled against his 
disease, even against hope. From Janu- 
ary 18th until June 14th, the day of his 
death, he was confined to his rooms, 
and mostly to his bed. His devoted wife, 
herself an invalid, was his only attend- 
ant, through this prolonged period of suf- 
fering. Her faithful and loving care al- 
leviated the tedium of many weary days 
of pain, her sympathies alone could reach 
the heart of the dying sufferer. That he 
lived so long was due to her constant 
presence and unremitting solicitude and 
attention. How much will he be missed 
from the circle of his dear friends and 
life-long companions, who fully appreci- 
ated his sterling worth, integrity of char- 
acter, and other attractive qualities! To 
them it is satisfactory to know that their 
friendship was given to an earnest, true- 
hearted gentleman, in public devoted to 
a useful and honorable calling, and sus- 
taining, in his private relations, those 
virtues that elevate the standard of social 


life. 





CoNTRIBUTED BY A FRIEND. 





NOTES UPON THE MORE IMPORTANT FEATURES OF LARGE 
RESERVOIRS FOR IRRIGATION. 


By G. TORRICELLI. 


Translated from II Genio Civile, for Abstracts of the Institution of Civil Engineers. 


The author, having recently had to 
visit and study a large number of reser- 
voirs, has noted some points which he 
thinks deserving of attention. 

The weight of masonry dams has 
generally hitherto been taken at 125 lbs. 
per cubic foot in calculating their 
stability. This is too little, and from 


137 to 143 lbs. is the weight usually 
adopted now. On the other hand 62.4 
Ibs. per cubic foot is still taken as the 
weight of water, whereas the author's 
experiments have clearly demonstrated 
that turbid water, such as is often found 
in reservoirs, weighs from 63 to 75 |bs. 
per cubic foot. While, therefore, 62.4 lbs. 
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may safely be taken for cases where 
flood-waters are excluded, a higher value 
should be adopted where these are ad- 
mitted to the reservoir. It has been 
found on calculating the stability of 
certain dams, taking 68.6 lbs. as the 
weight of water, that the pressures and 
tensions at the external and internal 
faces of the dams are from one-fourth to 
one-third greater than when 62.4 lbs. is 
adopted. 

Three dams in Algeria have recently 
failed, the Habra in 1881, and the Cheur- 
fas and Sig dams in February, 1885. At 
Hamiz the water was admitted into the 
reservoir in 1884, but the dam having 
shown symptoms of failure, the water was 
at once run out, and an immense retaining 
wall was built to arrest the movement. 
The water was admitted into the Cheur- 
fas reservoir in January, 1885, and it at 
once began to make its way through the 
permeable ground at one end of the 
wall. The sluice at the bottom of the 
reservoir could not be opened, and after 
a time a large quantity of earth was 
washed away, carrying with it some 30 
feet of the dam. The water washing 
through this great aperture caused a 
flood in the river below. Some distance 
down stream the Sig reservoir was situa- 
ted, and the flood pouring down topped 
the dam by 18 feet and overthrew it. 
When the Hamiz dam failed it was sub- 
ject to a pressure of 157 lbs. per square 
inch and a tension of 43 lbs. per square 
inch, which the author considers too 
high for mortar, which, though of ex- 
cellent quality, had not had sufficient 
time to set. The author points out that 
a slight increase in‘ the height of the 
water in the reservoir above that for 
which a dam is calculated produces 
greatly increased strain upon the work, 
and therefore means should always be 
adopted to insure that the water will not 
rise above the intended level, and he 
recommends that dams should be built 
circular on plan, so as to act as arches, 
particularly if the foundations are not 
very solid, and instances that of Chéliff, 
which is 59 feet high, and has twice had 
water running over it to a depth of 13 
feet. This dam is founded upon beds of 
sandstone, alternating with clays, which 
formed a very unreliable foundation 
nevertheless the dam has never shown 
any sign of failure, though subjected to 





severe compressive and tensile strains, 
and the explanation of this fact is that 
the dam is formed in an are of a circle of 
492 feet radius, the length of the are 
being 260 feet. 

The highest earth dam in the world, 
with the exception, perhaps, of some in 
India, is said to be that of Oued Meurad, 
in Algeria, which has a height of 95 feet. 
This was completed in 1864, and is in 
very good condition. A few fissures 
have appeared at the top and have been 
filled in with masonry. The bank stands 
upon a bed of basaltic rock, no excava- 
tion having been made to receive it. 
About 3 gallons of water per second leak 
through, but without endangering the 
bank. It was constructed in layers, but 
these, instead of being horizontal, were 
normal to the outer slope. When the 
bank had been completed up to a certain 
height, the reservoir was allowed to fill; 
this caused the bank to settle down, and 
when it stopped settling the work was 
resumed and the bank completed. This 
is a somewhat dangerous method of con- 
struction, but produces a very solid 
bank. 

Another remarkable dam is that of St. 
Christopher, upon the Marseilles canal. 
This was originally simply a bank of 
rough stone 65 feet high, for carrying the 
canal across the valley, and constructed 
with very little care, without any inten- 
tion of using it as a reservoir dam. 
When it was determined to adapt it to 
this purpose the water-tight lining of the 
canal was removed, and the turbid water 
allowed to sink into the dry stonework. 
This produced considerable settlement, 
but at the same time filled up the cavities 
with deposit. Water was then gradually 
let into the reservoir. At first large 
quantities made their way through the 
dam, but the amount of leakage dimin- 
ished by degrees, and the inner face of 
the dam was then covered with good 
masonry 10 feet thick at the bottom and 
14 foot at the top. This was expected 
to render it water tight, but did not have 
this effect, and upon readmitting the 
water, large fissures appeared on the 
face, particularly near the bottom. Sev- 
eral rows of piles were then driven near 
the foot, and the cracks were filled up, 
and the bank is now practically water- 
tight. 

A novel method ‘of construction has 
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been adopted at the Puentes reservoir in| winter, when it serves as a manure, but 
Spain. The rocks on either side of the|in summer clear water only must be 
valley are very solid limestone, but the|used. Special arrangements for dis- 
bottom of the valley consists of sand and | charging the water are necessary in such 
gravel, which rest upon a bed of marl. | cases. 
Arches have been thrown across the| The silting up of irrigation reservoirs 
valley abutting against the rocks, and the|is one of the most serious problems in 
dam, which is of masonry, is supported! connection with them, and it is some- 
by them, and only the filling underneath | times thought that where the reservoirs 
the arches rests upon the bad founda-|are fed by mountain torrents bringing 
tion. down stones and boulders, they would 
The author points out that storage | be filled up with these materials, but the 
reservoirs have a very beneficial effect|author’s observations lead him to the 
upon climate, as has been proved in/conclusion this is not the case, but that 
Algeria, where the result of storing up| detritus of this description is deposited 
the flood-waters in winter and using them|in the beds of the streams above the 
for irrigation in summer has been the| reservoir, and only fine stuff is carried 
drying up of the marsh lands and|into it. This latter, however, amounts 
laying them under cultivation, with a|to a very considerable quantity. The 
marked improvement in the health of the | annual amount of deposit at the Habra 
country. reservoir is 4.44 cubic feet per acre of 
Masonry dams frequently leak a good| gathering ground; at Sig 4.05 cubic 
deal when first constructed, and this! feet; at Tlélat 24 cubic feet; and at 
need not cause alarm, as by degrees the | Djidionia 43 cubic feet. Various meth- 
leakage diminishes. If, however, the|ods of washing out the deposit are dis- 
ground is permeable, a serious amount of| cussed in the paper, which concludes 
water is lost by filtration round the ends| with remarks upon the value of water 
and underneath the dam. When flood-|for irrigation, and a table giving par- 
waters are stored in reservoirs, a large|ticulars and cost of twenty-one reser- 
amount of deposit takes place, and this|voirs in different parts of the world. 
may be disposed of for irrigation in 





DEFLECTION OF A BRIDGE TRUSS. 
By HARRY SHERIDAN. 


Written for Van NosTRAND’s MAGAZINE. 


Suppose a triangular truss, resting on y= deflection at C. 
two supports, required the deflection at : ; 
any point, which practically is the center, From the equation of the circle, 
of the truss. The bending of the truss |, _ oe a = 
under the action of a uniform or concen- ~ =aRy—y', or y—R=+4/R'—-s* (1) 
trated load causes the chords to assume 
curved forms, which, with no essential 
error, may be taken as ares of circles. 

It is evident that the greatest deflec- 
tion will occur at the center of the bridge, 
since the bending of the moment curve is 

enerally greatest at that point. There- ee — 
a mnt > now tention na a formula for “ y=R-V/R-2 (2) 
the deflection of the center of a truss. 

Let then R=radius of curvature at C. 


Now since R is very large compared 
with y or z, the first member, and conse- 
quently the second member of (1) must be 
negative quantities. Therefore we must 
only use the lower sign in the second 
member, 


Again, it is well known that with a 


1 , 
small curvature,— or the reciprocal of 


z=4 the span =e R 


2 | the radius of curvature is very approxi- 
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mately represented by 


differential equation for the deflection. 
But by the common “ Theory of Flexure ” 
demonstrated by writers on Strength of 
Materials, 
dy M 
dz’ EI 
moment at the point under consideration 
E is the Coefficient of Elasticity usually 
taken at 25,000,000 Ibs. per square inch 
and I the moment of inertia of the cross 
section of the truss, approximately sup- 
posed to be constant. 
Therefore, substituting these values in 
equation (2) and remembering that z= 


in which M is the bending 


5 we have 

_EI (//Ely ?P 

y="_—-V (5) -7 (3) 
But M=AT= stress in member into 

height of truss. 


Also by a recent investigation of Prof. 


H. T. Eddy, of the University of Cincin- | 


nati, I, the moment of inertia of a truss | 


at any section, is equal to the square of 
the height into the area of cross section 
of chord member opposite the panel point 
under consideration, 7. ¢e.,I=h’A. Sub- 
stituting for M and I their values (A 
being the area of metal in chord member), 
we have 
EAA 


S measured in 
» 


(A) 

This is a very simple formula, much 
more so than the one advanced by Mr. 
G. F. Swain in the Journal of Frank- 
lin Institute for 1883. 


=) P 
- —s/ 74 


inches. 


His formula 


in' which ¢ is the stress 


tT/ 
EA 
brought to bear upon the members of a 
truss by reasons of a unit weight 
applied at the point where the de- 
flection is desired, and the other letters 
refer to the same things as ours do, is 
evidently a tedious and lengthy one, 
since the stress due to the unit weight 
is to be found in each member sep- 
arately and then a big summation is to 
be performed. In our formula, only one 


EAA 


4f 
Y¥,== F 


member is to be computed, viz.: 





since it also appears under the radical as 
a squared quantity. 

Applying our formula to the chord 
members of a bridge for which the de- 
flection has been computed in the same 
volume, we find a difference of .007 of an 
inch. A very inappreciable amount. 

Heretofore, especially in the treatment 
of girders, the effect of the web members 
on the deflection has been neglected. We 
will, however, endeavor to investigate this 
effect and then deduce a formula for the 
elongations of the various web members, 
which being added to formula (A) will 
give the total deflection of the bridge 
truss. 

In the figure, let BEC be the original 








panel, BE=EC=K the diagonals, and B 
C=p=panel length. Now by reason of 
the lengthening of the lower chord BE 
will become AE, EC will become ED and 
BC will become AD. 

Let BE=EC=K and AE=ED= K’ 
and AB=CD=amount of lengthening of 
each chord. If «=lengthening of each 
diagonal=K’—K and m= number of 
diagonals .-. nx=total elongation of diag- 
onals=n(K’—K). 

The angular length of the lower will be 


= g EI 
a=2 sin. OR’ but R= 

ie _-1 FT 
..a= Qsin. dEI~ sin. DEAR 


and the length in feet will be represented 
by 


2EI .—' IT 
L=Re= iM sin. EAA 
2EAA .-! IT 
“oo DEAA 
.. L—l=total change in length of chord 
_2EAA .— IS 1 





Ss 


3 sin. IRA 
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*. represented by A this change per _ 


and m=number of panels 
2EAh .—! IT ; | 
‘ A=, iD. on ay, —P Since l=mp (B) | 


From the figure 
K’= — 


9EAA .— WT \ 

= = P peer 34 m 

“4 , (35 Tm Pi EAR ) 

But na=n(K’ —K) 

—_ 2 “EAA\ —1/ 7T FT 
=n} n+! ae )sin (sean) t -K} 
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It is seen that (©) is also very easy to 
. HAA. : 
compute, since—7- is the only term in- 
volving large multiplication. 
Now adding together formule (A) and 
(C), we get 


EAh_ (//EAh\’ 7 
4o=i———4/ (BM) _5 
tT ~V (=) -z} 
j EAA .— IT 
+n V1 +( *+(=5 ” Sin. oeAn~ = (D) 


Formula (D) can be applied at any 
panel point and the deflection accurately 
determined. 


STRUCTION 


Translated from Centralblatt der Bauverwaltung, for Abstracts of the Institution of Civil Engineers. 


It is especially in earthwork and tunnel 
construction that Italian railway engi- 
neering presents characteristic features, 
more particularly in South Italy and 
Sicily, where large formations of shifting 
sand and clay and continual landslips are 
encountered, as weil as crevasses and 
soil disintegrated by volcanic action and 
earthquakes. Although behind some 
other countries in the development of 
their railway system, the Italians have by 
no means copied the practice of other 
nations ; but though still largely depend- 
ent on foreign material, have introduced | 
distinguishing features in design and 
practice, testifying to great inherent 
energy and resources. 

The marked alternation, in the south- 
ern part of the peninsula, of dry and wet 
seasons, transforms these frequent land- 
slips and drifts of loose soil, now into 
sandheaps, now into waterfalls; and con- 
sequently the foundation of embank- 
ments is a matter of great difficulty, often 
requiring piling and other preparations 
of the surface, with ample provision—by 
revetment walls, culverts, and tumbling- 
bays—for the regulation of streams which 
vary, according to the the season, from 
a rivulet to a torrent. The slopes of the 
banks have also frequently to be entirely 
cased in fascines and rubble, or the 
whole bank interlaced with these; in 


some cases the bank is formed with in- 


,ternal cross-culverts 


and drains and 
masses of dry filling, to enable the 
unavoidable saturation to be dealt with. 

In iron bridge work, which is distinctly 
characteristic of French influence, lattice 
girders are most commonly employed, 
and are now largely manufactured at 
Castellamare. In bridges of more than 
one span, great insistance is made on the 
use of continuous girders. 


The construction of some of the tun- 
nels offers points of great interest. The 
Marianopoli tunnel, on the Santa Caterina 
and Rocea-palumba line (Sicily) is about 
3% miles long, and passes partly through 
shifting sand and clay, and through hard 
clay, gypsum and chalk. It was driven 
from five shafts, varying in depth from 
300 to 820 feet, the daily advance at each 
point averaging 5 feet. The thickness of 
the lining (the crown, sidewalls and in- 
vert forming a continuous curve) varies 
greatly with the different strata, and in 
many places counterforts are also neces- 
The subjoined dimensions show 





sary. 
the section of the tunnel : 

Ft. Ins. 
a. Height from invert to rail level.. 3 24 
‘* rail level to horizontal 
OU cinsisnan sswaes 6 6% 
¥ ** horizontalaxistocrown 11 58 
Total height, invert to crown...... 21 24 
** rail level to crown. 18 02 








VAN NOSTRAND’S ENGINEERING MAGAZINE. 








2. Width at rail level 


“e 


¢. Radius (1) crown, 7 ft, 44 in. ; 
arc subtended, 57° 8’ 
Radius (2) springing, 10 ft. 3} in. ; 
arc subtended (each side), 38° 50’ 
Radius (3) side walls, 14 ft. 44 in. ; 
arc subtended (each side), 29° 8’ 
(22° 36’ above, and 6° 32’ below, the horizontal 
axis.) 
Radius (4) invert, 9 ft. 12 in.; 
arc subtended (each side), 166° 56” 
d. Points of intersection of radii on vertical 
center-line ; 
Above the horizontal axis. 
3 ft. 22 in. 


Radii 1 and 2 
ac 2 ““ 3 


paee es een akianutaie 1 ft. 10 in. 
Below the horizontal axis+ 
OE OP Me arg oc rcaniiias <.-. OR. 7 in. 


é. Thickness of arch (all round) varies from 
1 ft. 3 in. to 4 ft. 6 in. 


Amongst recent performances of the 
Ferroux boring machine is the Cocullo 
tunnel, 3,828 yards long, on the line 
from Rome to Sulmona. The tunnels on 
the Novara-Pino line are described 
below. 

In permanent way, flanged rails on 
transverse wooden sleepers are univer- 
sally adopted: the rails (steel) weighing 
generally 73 lbs. per yard, in lengths of 
29 feet 6 inches. On the South Italian 
railways still greater lengths are adopted. 
In 1883 there was in the whole country 
only one switch of English make; but in 
the Turin Exhibition of 1884 several 
were shown by the Alta Italia Railway 
Company. 

Amongst the most remarkable lines re- 
cently constructed may be mentioned 
first the Benevento, Campobasso and 
Termoli railway, branching from the 
Naples and Foggia line, through the 
high-lying districts of the Appennines to 
amore southerly point on the Adriatic 
coast. The length is 1054 miles, and the 
steepest gradient 1 in 40; the summit of 
the Apennine watershed is reached at San 
Giuliano (38 miles) at a height of 1,700 
feet, the highest point of the line being 
2,848 feet above the sea. Between Cam- 
pobasso and Termoli the soil is frequently 
very treacherous, occasioning several 
slips in tunnels and earthworks; and at 
Cascacalende only a temporary wooden 
station was erected, as the whole site was 
in movement. 

The Aquila, Rieti and Terni line, 64 
miles in length, also traverses the Apen- 











nines, the steepest gradient being 1 in 
28.5. The summit of the line is reached 
at Sella di Corno, 3,248 feet above the 
sea; from Antrodocco, in the Velino 
valley, the line rises 919 feet in less than 
7 miles by zigzag curves, half of this 
length being in tunnel. 

The third line across the Apennines, 
began in 1882, connects Rome with Sul- 
mona, on the east coast, and has been 
constructed as a main line. Its length 
is 105 miles, and the works fully rival 
those on the St. Gothard line. This rail- 
way crosses two distinct chains of the 
Apennines, between which Lake Fucino 
is situated; the western summit of the 
line at the Monte Beve tunnel, 4,170 
yards in length, is at a height of 2,625 
feet, the eastern summit and watershed 
at 2,959 feet, being at the Cocullo tunnel 
previously referred to. The steepest 
gradient is 1 in 334. 

The remaining line of particular inter- 
est is the Novara-Pino railway, forming 
part of the main line to the St. Gothard, 
from Genoa and the west coast, and 
joining the Novara and Avona line at 
Oleggio. Passing along the east side of 
Lago Maggiore, it is joined by the Monte 
Ceneri line from Como to Milan. The 
line extends to the frontier, a length of 
404 miles, of which 839 miles are in 
tunnel. The steepest gradient is 1 in 
129; and there are eighteen tunnels, two 
hundred and sixty-two small and twenty- 
two large bridges, including one over the 
Ticino near Sesto Calende with three 
spans of 263, 312 and 263 feet respect- 
ively. 

The line is remarkable for the speed 
with which it was completed: the whole 
work having been finished in sixteen 
months. One of the longest tunnels 
(Varalla-Pombia) 2,931 yards in length, 
partly in moraine, was pierced by hand- 
labor from the two faces and six shafts; 
the heading was completed in six and a- 
half months, and the work finished within 
twelve months. The Laveno tunnel, 
3,210 yards long, in chalk and dolomite, 
and for which access either by lateral or 
vertical shafts was impossible, was bored 
entirely by Ferroux machines from the two 
mouths; the time occupied being nearly 
fifteen months, the average daily progress 
6 yards, and greatest progress 7 yards. 
Both these tunnels are lined with brick- 
work, 
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COMBUSTION, WITH SPECIAL REFERENCE TO PRACTICAL 
REQUIREMENTS.* 


By FREDERICK SIEMENS. 


From “ Iron.” 


In all heating operations, the main ob- 
ject is to produce the greatest amount of 
effective work with economy of fuel, ma- 
terial, and labor. In order to do this, it 
is of the utmost importance that combus- 
tion should be as perfect as possible. 
This, however, would not alone in all 
cases meet practical requirements, the 
form and dimensions of the furnace and 
many other points having also to be con- 
sidered. The author read a paper two 
years ago before this institute, in which 
he described a method of working regen- 


erative gas furnaces by employing radiant | 


heat alone within the heating chamber. 
On that occasion he drew attention for the 
first time to an important point connect- 
ed with combustion, which he proposed 
to treat more particularly on the present 


occasion, viz.: that a flame requires free | 


space for development, if it is to burn 
properly and effectively. He then show- 
ed, from results obtained in practice, that 
a flame burning within an enclosed space 
should be directed so that whilst in active 
combustion it does not come into contact 
either with the sides or roof of the fur- 
nace, or with the materials contained 
therein, 2s when flame is allowed free 
space in which to burn, and is not inter- 
fered with by solid bodies, not only is 
there an increase of the work performed, 
but that work is accomplished in a better 
manner, and a considerable saving of fuel, 
furnace material, and other advantages 
are realized. Since that time this system 
of applying radiant heat, which it is now 
preferred to describe under its more gen- 
eral term as heating with free develop- 
ment of flame, has been largely adopted, 
and the author’s theoretical investiga- 
tions have been borne out by the results 
of practical experience. It is necessary 
in an investigation of this kind to com- 
mence with a consideration of combus- 
tion from a theoretical point of view, and 
the theory which best explains the nature 





* Paper read before the Iron and Steel Institute, 
Oct. 7, 1886 


of flame is the one by which it is re- 
garded as a rushing together of gases, 
the molecules of which, being chemically 
excited, are in violent motion towards or 
against one another. Such motion is a 
'primary condition of combustion, which 
cannot take place without it, so that any- 
thing interfering with the motion of the 
gaseous particles prevents that chemical 
union which exhibits itself as combustion. 
In order to insure perfect combustion, 
the following means have to be adopted : 

1. The gases must be supplied in the 
exact chemical proportion in which they 
are required for combustion. 

2. The gases must be brought together 
in such a manner that the different mole- 
cules which have to enter into combina- 
tion may readily do so. 

3. Everything must be avoided which 
interferes with the motion of the gases 
while combustion is proceeding. 

The first proposition is well under- 
stood, the proportion of gases which en- 
ter into combination having been settled 
by chemical analyses of the products of 
combustion ; but in its application serious 
practical difficulties occur in supplying 
the combustibles uniformly, more espe- 
cially when solid fuel is employed. This 
difficulty disappears to a great extent, if 
not altogether, when solid fuel is con- 
verted in the first instance into gas, as 
the supply of gaseous fuel may easily be 
regulated, and thus kept nearly uniform. 
The facility of controlling the supply of 
gas to a furnace is one of the reasons for 
the economy which arises in the employ- 
ment of gaseous instead of solid fuel. 
A great saving of labor may also be ef- 
fected if the transformation of the solid 
fuel into gas is properly carried out. As 
regards the second point, it is difficult to 
lay down any general rule for the way in 
| which the fuel, and the air necessary for 
|its combustion, should be brought to- 
| gether, as this will depend on the special 
‘object in view, and the particular work 
‘which has to be performed. Theoreti 
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cally, a thorough mixture of the gas and 
air before combustion, of which the best 
example is the well-known Bunsen burner, 
may be regarded as a solution of this 
difficulty, but in practice, in the great 
majority of cases, such a complete mix- 
ture is for various reasons quite inadmis- 
sible. A Bunsen burner is only advan- 
tageous when a small surface has to be 
heated by direct contact of flame, as 
proved by the incandescent gaslight, and 
by certain operations in the laboratory 
and household ; while, when large spaces 
have to be heated, as is generally the case 
in furnaces, it is always advantageous to 
use a large luminous flame, which radiates 
heat. The flame of & Bunsen burner 
being almost non-luminous, owing to free 
carbon not being liberated during com- 
bustion, has but little radiating power, 
and must in consequence transmit its 
heat by direct contact only. The trans- 
mission of heat by means of direct con- 
tact of flame is, in most cases, unsuitable, 
as was shown in the author’s paper al- 
ready referred to. It is wasteful, and 
tends very much to destroy or injure the 
furnaces in which it is used, as well as 
the materials operated upon. Although 
the Bunsen burner appears so simple 
from a theoretical point of view, and is 
undoubtedly found to be so in practice 
for certain purposes, it is quite unfit for 
most metallurgical operations, especially 
those conducted upon a large scale. 

As, therefore, in the generality of cases 
it is not advisable to mix gases before 
combustion, means have to be adopted to 
bring them together, as rapidly as pos- 


sible, at the beginning of combustion. 
It is also necessary that the resulting 


flame should have a high radiating power, 
as it is by the radiation of the flame that 
heat is best transmitted to the walls and 
roofs of furnaces and to the material 
under treatment. Furnaces in which solid 
fuel is burnt necessarily produce radiant 
heat in the ordinary or natural process of 
combustion, but the real cause of the 
efficiency of such furnaces does not seem 
to have been appreciated, although it was 
known from experience that the only 
coals fit to be used in them were those 
supplying large quantities of heavy car- 
buretted hydrogen gas, liberating in con- 
sumption much carbon, which tends to 


produce a luminous flame. The very best | 


coke was found to be entirely unfit for 





the same purpose, although the highest 
temperature can be obtained by its use, 
if the materials to be heated are inserted 
in the incandescent coke itself, as is 
proved by the melting of steel in pots by 
the old method. There is no particular 
difficulty in producing radiant heat in or- 
dinary furnaces if proper coal is employ- 
ed; but it is quite otherwise where gas 
is used, and in the regenerative gas fur- 
nance the manner in which the gases are 
brought together is a matter of the 
greatest importance. If the mixture is 
too intimate, a short flame is produced, 
having great heating, but very little 
radiating power, whereas, if the gases 
do not properly combine, perfect combus- 
tion cannot take place. A great loss of 
heat is thus occasioned, together with 
other disadvantages, which will be re- 
ferred to later. A mean between these 
is what is required, whereby good com- 
bustion is secured, producing intense 
heat, and at the same time a flame of 
great radiating power. 

The way in which the gas and air 
should be brought together for combus- 
tion depends upon various circumstances 
—chemical, physical, structural and eco- 
nomical—such as the quality of the gas 
employed, the temperature required, the 
size of the furnace-chamber, and the 
particular work to be performed. The 
gas is generally supplied through a hori- 
zontal slit in the side of the furnace- 
chamber, above which the air enters 
through a similar slit of somewhat greater 
area, overlapping the gas port on either 
side. Gas being of lower specific gravity 
than air, tends to rise through it, while 
the air sinks into the gas, thus securing, 
in most cases, a sufficient mixture. The 
efficiency of this arrangement greatly de- 
pends upon the relative temperature of 
the gas and air, the specific gravity of 
gases being very much affected by their 
temperature. If, for instance, air only is 
heated before admission into the furnace 
chamber, the specific gravities of the hot 
air and cold gas will be more nearly equal, 
and the gases not permeating one an- 
another, no proper mixture can take 
place, and, consequently, combustion will 
be imperfect, causing a great reduction 
in the working power of the furnace, 
with other resulting disadvantages. It 
will be interesting to consider for a mo- 
ment the cause of flame becoming lumin- 
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ous. This luminosity is due to free car- 
bon, liberated by the hydro-carbons in 
the flame, being heated up to the tem- 
perature of the flame itself; these solid 
particles, becoming incandescent, act like 
tiny incandescent gas lights, each particle 
of free carbon throwing out heat and 
light in all directions, until consumed 
and converted into carbonic acid gas, 
which is transparent, and therefore does 
not radiate light and heat, although its 
temperature may have increased during 
the change. The free carbon is always 
the last component part of the flame to 
burn, and, in cases of imperfect com- 
bustion, instead of becoming incandes- 
cent and luminous, it is precipitated as 
soot when deposited in chimney flues, 
and as smoke if carried along with the 
products of combustion, which, issuing 
from chimney-tops, is so very objection- 
able in our towns and manufacturing dis- 
tricts. 

The third means necessary for adop- 
tion in order to insure perfect combus- 
tion formed the subject of the paper al- 
ready referred to; it is not, considered 
by itself, of the highest importance, as 
regards every case of combustion, but 


has a direct influence upon the first; 


and second points, because neither the 
employment of gases in proper pro- 
portion, nor their proper mixture, if suf- 
ficient to insure perfect combustion if the 
disturbing influence of surfaces is allow- 
ed to interfere to prevent combination, 
or to dissociate particles of gas already 
combined. The author’s former paper 
was so far incomplete that it did not de- 
scribe the objectionable effects resulting 
from the influence of solid bodies on 
combustion, or contain any sufficient 
theoretical explanation to account for 
that influence. Besides this, the subject 
of dissociation, which is of such iraport- 
ance in practical metallurgy, was entirely 
left out of consideration, partly because 
of its difficulty, partly because the author 
was not satisfied with any theory of its 
action that had been proposed, but prin- 
cipally because he wished to confine him- 
self mainly to a statement of the actual 
results he had obtained in the practical 
working of furnaces. The author has 
since fully referred to the influence of 
dissociation upon the temperature and 
working of furnaces, in a lecture he de- 


livered to the members of the Royal In- | 


| stitution of Great Britain in May of this 
year. He then showed that surfaces not 
| only interfered with combustion, for the 
|reasons already explained, but also that, 
lif heated, they facilitate dissociation ; 
that, in fact, dissociation, which has 
hitherto been brought about by the in- 
fluence of heat alone, was in reality 
‘caused by the action of heated surfaces 
jupon the combined gases; or, at all 
|events, that in the absence of surfaces 
the temperature of dissociation would be 
| very much higher. 

| It would lead the author too far if he 
| were to repeat upon the present occasion 
| all the circumstances and considerations 
which led him to the conclusion then 
brought forward; he would propose to 
confine himself to a few points which ap- 
pear to him sufficiently conclusive. In 
the first place it must be explained that 
nearly all the physicsts who have experi- 
|mented on dissociation have made use of 
| small vessels or tubes, of special material, 
| which had to be heated to the tempera- 
|ture at which dissociation of the gases 
|experimented upon would set in. Al- 
| though the particular materials chosen — 
| mostly clay, porcelain, or asbestos—have 
no direct chemical action on the disso- 
ciated gases, yet the influence of surfaces 
in geveral, and especially of highly- heated 
surfaces, have been entirely overlooked. 
Heat expands the molecules of gases, and 
thus tends to weaken the chemical affinity 
of their atoms, until, at a certain high 
temperature, expansion overpowers chem- 
ical attraction, and dissociation takes 
place; but if highly heated surfaces are 
present, which tend to attract or condense 
one or other of the elements constituting 
the gas experimented upon, dissociation 
is facilitated, and will necessariiy occur 
at a much lower temperature. That this 
is a correct theory is confirmed by the 
circumstance that, if the vessels or tubes 
used for the experiments are made of 
rough or porous material, or, still better, 
if they are filled with rough or porous ma- 
terials, such as broken porcelain or as- 
bestos, dissociation is much facilitated. 
Until, therefore, experiments intended 
to prove dissociation are made in an open 
space containing no heated surfaces, it 
will be impossible to ascertain the real 
temperature of dissociation, all calcula- 
tions hitherto made being too low. The 
highest dissociation temperatures which 
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have been recorded are those of Professor 
Bunsen, and he obtained them mainly 
because his experiments did not require 
heated surfaces; but even hisresults cannot 
be considered correct, as the cold inner 
surfaces of the tubes in which he explod- 
ed the gases prevented their perfect 
combustion, for the reason already stated. 
Still, the Bunsen experiments are of the 
highest value as indicating the means by 
which real dissociation temperatures may 
be arrived at. This was explained in the 
author’s lecture at the Royal Institution, 
and illustrated by diagrams. 

Hitherto physicists have been satisfied 
to prove dissociation by showing that 
a flame became longer with increase 
of temperature. It was maintained that, 
as the temperature of the flame increased, 
dissociation set in more and more, thus 
causing an extension of the flame, com- 
bustion and dissociation being repeated 
over and over again. As this was really 
the case, the experiment was so far con- 
clusive, only the real cause of the disso- 
ciation which took place was not suffi- 
ciently understood. ‘The experiments 
made to prove dissociation by an increase 
in the length of the flame, having been 
made in narrow tubes, like the other ex- 
periments, were influenced by the action 
of the inner surfaces, which action is 
mainly the cause of this kind of dissocia- 
tion, as is proved when the dissociating 
influence of the surfaces is removed. 
This is the case in the regenerative gas- 
burner which has been set up and lighted. 
It will be observed that while the flame 
is comparatively cool it is long, whereas 
with increase of temperature the flame 
becomes gradually shorter and whiter, 
thus illustrating the fact that a flame, 
as its temperature increases, becomes 
shorter if it is not impeded by sur- 
faces, which prevent combustion and 
help dissociation. This burner is sup- 
plied with ordinary town gas, and serves 
to show the effects which may be pro- 
duced when all the means available to 
insure perfect combustion are taken ad- 
vantage of. Nothing has been done to 
the burner since it was lighted, the gas 
supply remains as it was, and the chimney 
being independent of the flame which 
burns free, all conditions remain constant 
except the temperature; this becomes 
very intense, much higher, indeed, than 
that of the flame, burning in the narrow 


tubes, in which the dissociation experi- 
ments were made. Flame burning in 
narrow tubes may be compared with the 
old-fashioned furnace system, and taken 
as an example of working the flame by 
causing it to strike on the walls and roof 
of the furnace chamber and the material 
it contains. By these meansa long flame 
of low temperature is produced, which 
may even extend as far as the top of the 
chimney, destroying everything with 
which it comes into contact. The flame 
here exhibited may, on the contrary, be 
compared to a furnace working with free 
development of flame, the latter being 
intensely hot, and giving out its heat in 
the furnace chamber entirely by radiation. 
The furnace itself will not be injuriously 
affected for a much longer time than 
formerly, and the materials it contains 
will show a marked improvement in 
quality. The fully-burnt products of 
combustion having radiated out the 
greater portion of their heat, deposit the 
remainder by contact, either directly—as, 
for instance, in a boiler—or indirectly, as 
in the regenerative chambers of a Sie- 
mens furnace. 

It will be seen from what has been 
said that solid substances have a twofold 
influence on combustion. In the first 
place, they hinder combustion, because 
they interfere with the rapid motion of 
the gases necessary for combustion ; and, 
in the second place, they cause dissocia- 
tion, as explained in the author’s lecture 
before the Royal Institution, and by sa 
doing, of course, a great amount of heat 
is lost. The dissociation caused by hot 
surfaces is of various kinds, and takes 
place at different temperatures. At a 
comparatively low temperature dissocia- 
tion of hydrocarbons takes place, the 
carbon being liberated in the solid form 
as soot. Ata moderately high tempera- 
ture carbonic oxide is dissociated into 
solid carbon and carbonic acid gas; at a 
higher temperature the products of com- 
bustion begin to dissociate, steam split- 
ing up into hydrogen and oxygen, and 
lastly, at a still higher temperature, de- 
pending upon the kind of surface with 
which the products of combustion came 
into contact, carbonic acid splits up into 
solid carbon and oxygen. From this it 
will be seen that dissociation has the 
effect of setting carbon free, and, to its 





influence the formation of smoke is 























largely due. This smoke is a serious 
disadvantage, not only after it has left 
the chimney, but even toa greater degree 
before it has left the furnace chamber in 
which it is formed, as will be seen from 
the following consideration. 

It has been found in practice that in a 
large furnace where a voluminous flame 
impinges on the sides and roof and on 
the material it contains, even that part 
of the flame which is not in direct con- 
tact with the surfaces does not radiate out 
nearly its full amount of heat. As flame 
is quite transparent for light and heat, 
the inner surfaces of the furnace chamber, 
and the materials it contains, ought to 
get the full benefit of the radiative power 
of this part of the flame, and that this is 
not the case can only be explained by the 
circumstance that these surfaces are en- 
veloped in a dense cloud of dissociated 
carbon, which prevents the heat rays 
from reaching the surfaces. There can 
be no doubt that radiant heat has always 
been a very useful factor in heating 
operations whenever the construction of 
the furnaces, &c., admitted of it. But 
the author believes he has shown in the 
above remarks that sufficient attention 
has not hitherto been paid to the very 
detrimental effect on combustion itself, 
as well as on the work done, when the 
radiative power of the flame is in any 
way interfered with, so that it cannot 
be developed to its fullest extent. He 
hopes also to have made it clear that 
complete combustion is impossible when- 
ever the live or active flame is allowed to 
come into contact with any solid surface, 
and that such solid surface will always 
suffer when so impinged upon—not, as 
has been hitherto believed, by the action 
of heat alone, but also by mechanical and 
chemical action of such flame. As flame 
is nothing but molecular motion of com- 
bining gases, this circumstance alone 
proves the necessity of not interfering 
with such motion, whilst the moving 
molecules, although indefinitely small, 
are so numerous and move so rapidly, 
that they represent an amount of energy 
which, acting constantly, must in time 
destroy any surface or object exposed to 
it, besides which the flame has most 
probably a chemical influence that tends 
to assist this process of destruction. 

The author wishes to draw attention to 
the gas-burner exhibited, which was fully 
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described at a meeting of the Gas Insti- 
tute, and is similar in principle to the 
regenerative gas-burners brought out 
some years ago, which are now manu- 
factured in various forms, and used ex- 
tensively for lighting purposes. This 
particular burner is designed for warming 
rooms by means of radiant heat in the 
same way as the ordinary English fire. 
There is, however, this difference between 
the two, that with this burner heat is 
radiated in a more useful manner, being 
distributed uniformly throughout the 
room. Very active ventilation is insured , 
by its use, it is not expensive to main- 
tain—consuming about 50 cubic feet of 
gas per hour, which is sufficient to warm 
a small sitting-room—and is specially 
economical as regards labor, as no hand- 
ling of coals, ashes, or soot is required, 
and smoke is entirely avoided. In an 
ordinary fireplace the heat, which is not 
radiated out into the room, but is carried 
away with the products of combustion 
into the chimney, is lost, whilst it is uti- 
lized in this case to heat up the air re- 
quired for combustion, whereby the tem- 
perature, and consequently the heat 
radiating power of the flame, is much in- 
creased. This process goes on in a pro- 
gressive ratio; for as the temperature of 
the flame increases, so does that also of 
the air supplied to the burner, and thus 
it can be safely asserted that nearly all 
the heat produced by combustion is 
eventually radiated into the room. 

The author has exhibited this burner 
at work, and has drawn so much atten- 
tion to it because it gives the best possi- 
ble illustration of the conditions under 
which combustion can alone be perfect. 
It also shows to how great an extent 
radiant heat can be applied, and how im- 
portant a part it plays in all operations 
of warming, heating and transmiting 
heat. For these reasons the author 
recommends this burner to the considera- 
tion of the members, as supplying infor- 
mation in the best and most easy manner 
regarding the requirements of large fur- 
naces, with which it is so difficult to 
make experiments and obtain data. In 


each case the flame is not permitted to 
come into direct contact with any sur- 
faces whatever, while the heat still re- 
maining in the non-luminous products of 
combustion is abstracted by direct con- 
tact in the regenerators, heating up the 
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air required for combustion, which air; | duction of radiant heat can be studied by 
being non-luminous, can only be heated|means of this little burner. It is by 
by direct contact, as radiant heat has no| means of radiant heat alone that nature 
effect in heating air, just as heated air| warms us, and thus becomes the source 
cannot be made use of to supply radiant |of the development of all organic and 
heat. inorganic matter. We should imitate 

The analogy being so perfect it| nature, and employ radiant heat for arti- 
will be readily seen how well the re-| ficial warmth, as well as in the arts and 
quirements of combustion for the pro-! manufactures. 





ON THE BEHAVIOR OF CAST-IRON, WROUGHT-IRON AND 
STONE COLUMNS IN FIRE, AND UNDER RAPID 
COOLING (BY WATER). 

. By J. BAUSCHINGER. 
From Abstracts of the Institution of Civil Engineers, 


In 1884 new regulations were issued | tested was partially surrounded by a per- 
by the*Berlin police authorities with re-|forated wrought-iron trough, in which 
gard to the use of cast-iron columns in new | wood was burned. Owing to the nature 
buildings, or alterations of old ones. Ac-j|of the arrangements, cooling could only 
cording to these, “cast-iron columns|be effected from the upper side, the 
which are not protected from the direct | position of the column being horizontal ; 
action of fire may no longer be employed | but this corresponds with what actually 
under the main walls of buildings of| occurs at a fire in the majority of cases. 
which the lower floors are used for busi-|An arrangement for measuring the de- 
ness and storage purposes and the up- | flections of the column during the exper- 
per floors as dwellings. In place of them | iments, in two directions at right angles 
will be allowed: (a) wrought-iron col-| to each other, was made by means of wires 
umns; (/) cast-iron columns, which are | attached to the former, and acting on in- 
surrounded by an irremovable casing of | dex fingers placed at convenient distance. 
wrought iron insulated by an air-space| The temperature of the material tested 
from the column; (c) columns of stone| was measured by means of alloys having 


set in cement.” various melting points, the highest being 
The severe character of these regula-| 600° Centigrade. 
tions induced the author, at the instiga- Six cast-iron, three wrought-iron col- 


tion of Mr. Kusterman (the owner of a}umns, and fifteen of various building 
large foundry in Munich), to undertake | materials were tested. 
a series of experiments in order to ascer- The results showed that cast-iron col- 
tain the behavior of columns of various |umns best withstood the action of the fire 
materials, but especially cast and wrought |and water, continuing to support their 
iron, under .the action of fire and rapid/load even when red-hot and already 
cooling by water. The regulations in|cracked in places, whereas wrought-iron 
question were the outcome of observa- | columns collapsed entirely under similar 
tions made after a large fire at a manu-| conditions. 
factory in Berlin, on the condition of the The building materials tested were 
cast-iron columns used in its construction. | granite, marble, tuff, dolomitic lime- 
‘The author’s experiments were made/stone, concrete, paving stone, granitic 
on columns of cast iron, wrought iron, | marble, various kinds of sandstone, and 
and building materials of various kinds. | ordinary bricks. Of all these materials 
The column to be tested was subjected, |the concrete proved to be the best, and 
in the Werder testing-machine, to the|after this ordinary brick-work. The con- 
compressive load it would have to sus-|crete column tested remained uninjured 
tain in actual use, and in this condition|after exposure to the treatment for one 
heated to the desired temperature, and|hour and three-quarters. None of the 
then suddenly cooled by jets of water. | natural building stones resisted the fire; 
For the purpose of heating, the column | granite was relatively the best, then tuff. 
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By IRA O. BAKER, C.E., Professor of Civil Engineering, University of Illinois. 


Contributed to VAN NosTRAND’s ENGINEERING MAGAZINE. 


II. 


Cuaprer II. 


Sec. 1. Tur Common ANEROID. 


§ 58. Description.—The aneroid ba- 
rometer consists of a cylindrical metallic 


box, exhausted of air, the top of which is | 


made of thin corrugated metal, so elastic 
that it readily yields to alterations in the 
pressure of the atmosphere. When the 
pressure increases, the top is pressed in- 
wards; when it decreases, the elasticity 


| It is at least doubtful whether the spiral 


ing needs assis ” 
LEVELING WITH THE ANEROID BAROMETER. |*PTIng needs assistance, and therefore, 


whether the air is of any benefit; and it 


'certainly introduces complications, owing 
ito the effect of a change of temperature 
/of the enclosed air 


There are several forms of aneroids 
which differ in the mechanism employed 
to multiply the linear motion of the end 
of the vacuous box and to convert it into 
angular motion. Fig. 5 shows the 


|mechanism of a common form; the out- 





of the lid tends to move it in the oppo-|side case and the front face of the 


site direction. These motions are trans- 
mitted by delicate multiplying levers to 
an index which moves overascale. A 
spring is sometimes inserted between 
the two ends of the vacuum chamber to 
reinforce the elasticity of the corrugated 
ends. Sometimes the vacuous box is 
not entirely exhausted, the object being 
that the enclosed air may reinforce the 
spring, “the air gaining elasticity as the 
spring loses, with increase of altitude.” 


Vo... XXXV.—No. 6—32 


vacuous box is removed. — os 


ee . 

The instrument is graduated empiri- 
cally by comparing its indications under 
different pressures with those of a mer- 
curial barometer; the scale is marked to 
correspond to inches of the ordinary ba- 
rometer column, the inches being divided 
into tenths, and the tenths usually into 
four parts. At the back of the instru- 
ment is a little screw which presses 
against one end of the exhausted box; 
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by turning this screw, the index can be 
moved over the scale, and the instru- 
ment may thus be made to agree at any 
time with a standard mercurial barometer. 

g 59. In many instruments there is an 
additional scale of altitudes in feet gen- 
erally divided according to a table pre- 
pared for the purpose by Professor Airy. 
Such a table could be prepared by using 
any of the formule discussed in the pre- 
ceding chapter by neglecting the cor- 
rections. Professor Airy used a formula 
similar to (11), and neglected the tem- 
perature term. When the aneroid has a 
scale of elevations engraved upon its face 
the approximate difference of height is ob- 
tained by subtracting the reading in feet 
at the lower station from that at the 
upper. 

The use of such a scale leads only to 
rough approximations, as it is based on 
the assumption that certain differences 
of pressure correspond at all heights 
with the same differences of elevation, 
The scale of elevations can only be cor- 
rect at some particular temperature, and 
hence in general a temperature cor- 
rection must be applied. Some makers 
endeavor to eliminate this correction by 
making the scale movable. “ The movable 
scale is unscientific and inaccurate.” The 
best plan is to dispense with scales of 
altitude, whether fixed or movable, and 
calculate the heights. 


§ 60. Defects.—The aneroid is a very 
convenient instrument and for a station- 
ary instrument where nice readings are 
not required, it does very well; but for 
accurate hypsometrical results it is an 
inferior instrument. Its defects are: 


1. The elasticity of the corrugated top 
of the vacuum chamber is affected by re- 
peated changes in pressure. This will 
produce error in the scale readings. 

2. It is usually claimed that, in con- 
sequence of not completely exhausting 
the vacuum box, the indications of the 
aneroid become independent of the effect 
of changes of temperature of the instru- 
ment. The best that can be hoped for 
is that for small changes the temperature 
correction is less than the error of ob- 
servation. In instruments compensated 
for temperature, the effect of a change is 
sometimes the same as that in the mer- 
curial barometer, and sometimes the 
The effect of the temperature 


reverse. 
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on any particular-instrument can be 
determined only by trial. 

3. The different spaces on the scale 
are seldom correct relative to each other, 
owing probably to errors of observations 
and graduation, and possibly to differ- 
ences of temperature and changes in 
elasticity. As a matter of fact, the seale 
is often only a scale of equal parts. 
The barometer scale is more accurate 
than the elevation scale, since the latter 
has all theinaccuracies due to the formula 
by which it is graduated, in addition to 
those of the instrument itself. For ac- 
curate work the aneroid should have 
a thermometer attached; then, before 
using it, it should be tested under an air- 
pump, together with a mercurial column, 
and its scale errors for different tempera- 
ture and pressures determined. 

4. The weight of the machine affects 
its indication, 7%. e., the reading of the 
aneroid will differ when held in different 
positions. ‘In the best instruments this 
difference is sometimes as much as 0.008 
of an inch, corresponding to a difference of 
elevation of about 8 feet.” (Williamson). 

5. Like all combinations of levers, 
screws and springs, the aneroid is sub- 
ject to continual shifting of parts, when 
subject to the jars and jolts encountered 
in transportation and in use. The only 
remedy is frequent comparisons with a 
mercurial barometer. 

6. The aneroid is deficient in precision, 
since the least reading is 0.025 of an 
inch, which corresponds nearly to 25 feet 
of elevation. 

7. With most aneroids the spring 
ceases to act after the pressure has been 
lowered somewhat; that is, the instru- 
ment runs down. Before using the in- 
strument, experiments should be made 
to determine the range of pressure to 
which it may be exposed before the 
spring ceases to act. In case an aneroid 
is to be used in an elevated region, if 
there is a mercurial barometer with the 
party, screw up the aneroid until the 
spring acts well and set it by the mercurial 
barometer, so that there shall be a 
difference of say one or two inches 
between them. 

§ 61. * With all these defects a good 
aneroid is of much assistance on a survey 
or reconnoissance in mountainous dis- 
tricts, on side trips of one, or even 
several days’ duration, when the instru- 











ment had been previously compared with | 
a standard mercurial barometer at various 
temperatures and in different elevations, | 
and proper tables of corrections made. It 
is evidently important that there should be 
a good attached thermometer. It should 
be compared before and after it is used | 
in that way, to see if the zero has not 
changed in the mean time, and if the 
agreements are satisfactory the results 
can be relied upon.” * 


§ 62. Formule.—From the readings of 
the aneroid at two stations, the differ- 
ence of elevation may be determined by 
any of the formula of the preceding | 
chapter, for any of the approximate for- | 
mulze are as accurate as the instrument. | 
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9 


Src. Tue Go.pscumMip ANEROID. 


§ 63. The common aneroid was in- 
vented by Vidi, of Paris, in 1847, and 


|the defects of its complex levers have 


long been recognized. As early as 
1857, Goldschmid designed a form of 
aneroid which sought to do away the 


| transmitting and multiplying mechanism 


of the Vidi form, Figs. 6 and 7 are two 
views of one of the latest forms of Gold- 
Fig. 7 is a section 
through the compound vacuum chamber, 
greater the number of boxes the 
larger the motion of the index a. The 
relative position of the movable index a 
and fixed point of reference dis observed 
by the telescope L (Fig. 6), the distance 

































































A modification of Babinet’s approximate 
formula (11), is most frequently used. 
The following is a very common form: 


’ H.—H’ T—55 x 
ao FA FE. ! 
X=54500 57 ap + Gay #105 oat 


The last term is the supposed probable 
error due to the varying density of the 
air column, and the preceding term that 
due to the instrument itself. This 
formula is limited to difference of heights 
of about 3,000 feet. 


* Williamson on the Barometer. 
+ U. S.C. 8. Report, 1876, p. 352. 





being measured by the micrometer M. 
The instrument is very delicate in its in- 
dications, but is liable to serious disar- 
rangement by ordinary handling. Differ- 
ent manufactures have slightly different 
forms of the Goldschmid type, but all 
have essentially the same defects—are 
not able to stand ordinary use. 

It is doubtful if there is any advantage 
in an aneroid as complicated as that 
shown in Figs. 6 and 7; it seems prob- 
able that no form can be devised which 
shall be both delicate in its indications 
and able to stand rough handling. The 
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chief advantage of the common aneroid 
is its portability, combined with moderate 
accuracy. The mercurial barometer and 
the aneroid supplement each other; the 
first is delicate and the second is porta- 
ble. It is doubtful if the two qualities 
can be combined in a single instrument, 
or one obtained more delicate or more 
reliable than the mercurial barometer. 


Cuapter III. 


LEVELING WITH THE THERMO-BAROMETER, 


§ 64. Theory.—When water is heated, 
the elastic force of the vapor produced 
from it gradually increases until it be- 
comes equal to the inficumbent weight of 
the atmosphere. Then, the pressure of 
the atmosphere being overcome, the 
steam escapes rapidly in large bubbles, 
and the water boils. 
ture at which water boils in the open 
air depends upon the weight of the 


atmospheric column above it, and as the | 
weight of the atmosphere decreases with | 


the elevation, it is obvious that the 
higher the station, the lower the tem- 
perature at which the water will boil at 
that station. The temperature at which 
water boils under different pressures has 
been determined by experiment. It is 
then only necessary to observe the tem- 
perature at each station at which water 
boils, and by referring to tables similar 
to the above, find the corresponding 
height of the barometer, from which the 
difference of elevation may be computed 
by any of the formulz previously given. 
Or, the temperature may be observed at 
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Since the tempera- | 








only one point, and by using the mean 
pressure at the sea-level, compute the 
absolute elevation. 

Or, finally, if the effect of variations 
in temperature, moisture, pressure, etc., 
be neglected, a table may be computed 
which will give, with the observed tem- 
perature of boiling water for an argu- 
ment, the average approximate elevation 
of the station above the sea. 


TABLE OF ELEVATIONS CoRRESPONDING TO DiF- 
FERENT TEMPERATURES OF BorLtinac WATER. 








Boiling | Elevation Boiling | Elevation 
point. jabove thesea|) point. above the sea 
190° 11719 ft. 208° 2049 ft. 
195 8953 209 1543 
| = 6250 210 1021 
202 5185 211 509 
| 204 4131 212 0 
206 8085 213 — 507 














A table similar to the above, which de- 
|pends upon a mean state of the atmos- 
| phere, cannot be very reliable, but it is 
as accurate as the observations them- 
selves, 

$ 65. Description.—This instrument is 
very simple in its construction, requiring 
only some means of immersing a sensitive 
thermometer in the steam which arises 
from pure water while boiling under at- 
mospheric pressure. 

The general arrangement consists of a 
closed vessel with a chimney with a com- 
bination of passage ways for the exit of 
the steam, somewhat like Figure 8. The 
bulb of the thermometer is thus immersed 
in a current of steam. The double pas- 
sageway is to prevent condensation on 
the inner walls of the flue. 

§ 66. Defects.—The chief difficulty is 
in ascertaining with the necessary accu- 
racy the true temperature of boiling 
water; an error of ;'; of a degree centi- 
grade would cause an error of 70 to 80 
feet in the final result. An observation of 
the boiling point, differing by +; of a 
degree from the true temperature, ought 
to be considered a good one. The accu- 
racy is dependent upon the accuracy and 
sensitiveness of the thermometer, and is 
affected by the quality of the glass of the 
thermometer, the form and substance of 
the vessel containing the water, the purity 
of the water, the place at which the bulb 
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of the thermometer is placed, whether in 
the current of steam or in the water, 
the error of reading, displacement of zero 
point, &e. 

Even if the above errors did not exist, 
this method would still be subject to all 
the chances of error which affect the 
measurements of heights by the barome- 
ter. 

Nor is the thermo-barometer as con- 
venient as either the aneroid or mercurial 
barometer, owing to the time required to 
start a fire, voil the water, make the ob- 
servation and wait for the instrument to 
cool, and the difficulty of obtaining pure 
water. Also, altogether the apparatus 
makes quite a load to be carried from 
place to place. 

Since the invention of the aneroid, the 
method of measuring heights by the tem- 
perature of boiling water has almost been 
abandoned. 


Cuapter IV. 
TRIGONOMETRIC LEVELING. 


§ 67. Principle.—Trigonometric level- 
ing consists in determining the difference 
of level of two stations by means of the 
measured angle of elevation or zenith dis- 
tance of one, and the known horizontal 
distance between them. The horizontal 
distance is usually given by triangula- 
tion. 

This kind of leveling is peculiarly suit- 
able for finding the heights of the sta- 
tions of a triangulation survey, since the 
extra labor required to measure the nec- 
essary vertical angles is but slight. 

§ 68 Observations.—The vertical angles 
are measured at the same time and with 
the same instrument as the horizontal 
angles. The instrnment should have two 
opposite verniers or micrometer micro- 
scopes, and a sensitive level in a plane 
parallel to the vertical circle. 
be carefully adjusted for collimation, ver- 
ticality of the vertical axis, horizontality 
of the horizontal axis of the telescope, 
and the verticality of the plane of the 
vertical circle. Matters relating to sta- 
tions, towers and targets belong more 
particularly to triangulation and will not 
be discussed here. On account of the 
uncertainty of the action of the atmos- 
phere, there is no hope to obtain as great 
accuracy in the measuring of vertical as 
in the horizontal angles. 





It should ; 
isubtended by the 





, f 
|of refraction, then m=, 


All errors of the instrument, except 
those of graduation, will be eliminated by 
observing as follows :—sight upon a tar- 
get, read the level and the circle ; reverse 
in altitude and azimuth, point upon the 
station and read circle and level again. 
The half difference of reading, corrected 
for difference of level, is the zenith dis- 
tance of the target. Shifting the circle 
and repeating would reduce the errors of 
graduation and observation, but these 
errors are generally so small in compari- 
son with the uncertainties arising from 
refraction, that it is therefore better to 
measure the angles on different days, so 
as to obtain different conditions of the 
atmosphere rather than to take any great 
number of successive observations. 

§ 69. Refrauction.—Since the effect of 
atmospheric refraction is to elevate ob- 
jects on the horizon, a correction for re- 
fraction must be added to the zenith dis- 
tance as measured above. The uncer- 
tainty as to the amount of this correction 
is the great cause of inaccurate work 
in trigonometrical leveling. Refraction 
is so erratic in its character that no satis- 
factory method has yet been devised for 
determining it. The best that can be 
done is to observe only when the refrac- 
tion has its least effect. 

Therefore, since the accuracy of trigo- 
nometrical leveling is limited by our 
knowledge of the laws of atmospheric 
refraction, it will be necessary to investi- 
gate that branch before proceeding with 
the general subject. 


Sec. I. Corrricient oF Rerraction. 
$70. Definition —The angle of re- 


fraction divided by the are of the earth’s 
circumference, intercepted between the 
observer and the station observed is 
called the coefficient of refraction.* That 
is,if C=the angle at the center of the earth 
two stations, F=the 
refraction angle, and m=the coefficient 


C can be 


ry 


found in are from the expression 


” = —__——,, in which K is the distance 
sin 1 


* In the reports of progress of the U.S. Lake Surve 
and in Wright’s Adjustment of Observations, a defini- 
tion is given which makes the coefficient of refraction 
twice as large as the above. The definition as above 
seems to be the one most frequently used. 
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between the two stations and p is the 
radius of the earth. 

§ 71. To find the Coefficient.—The co- | 
efficient of refraction may be found in 
either of two ways, viz.:—I, from recipro- 
cal zenith distances ; or, Il, from the ob- | 
served zenith distances of two stations, 
the relative altitudes of which have been | 
determined by the spirit level. 

§72. I, By Reciprocal Zenith Distances. 
—In Fig. 9, if A and B denote the posi- 
tions of the two stations, the angles which 
the observers attempt to measure are 
PAB and QBA. On account of the refrac- 
tion of the atmosphere, the path ofa 
ray of light from Bb to A will not be a 
straight line, but some curve more or less 
irregular; the direction in which B is 
seen from A will be that of a tangent, 
AT, to this curve. The line of sight 
from the other station will not necessar- 
ily be over the same curve. 


Q 








Let z and 2’ be the observed zenith dis- 
tances and m and m’ the respective coef- 
ficients of refraction; mC and m’C are 
the refraction angles. From the figure 


z2+mC+2'+m’C—C=180° (19) 


Since this equation contains two un- 
known quantities, it shows that observa- 
tions over a single line will not give the 
coefficients ; but in the reduction of a 
triangulation net, this equation may be 








applied to each line and the resulting 
equation solved by the method of least 
squares, thus obtaining the values of each 
coefficient, or at least a coefficient for 
each station. 

However, such elaboration is of doubt- 
ful utility and is seldom practiced. It is 
usual to assume that the mean of a num- 


‘ ber of observations, taken under favorable 


conditions, will eliminate the difference of 
refraction which is found to exist, even at 
the same moment, at two stations a few 
miles apart. The observations should be 
simultaneous or nearly so. Under these 
conditions the coefficients at the two ends 
of aline become equal ; ¢.¢., in the pre- 
ceding formule m’=m. The error in 
this assumption will be greater as the 
distance between the stations is greater ; 
it also increases very rapidly with the dif- 
ference in elevation. 

Making this substitution (19) becomes 





m =4(1 ~ ze) os 


§ 73. II, By zenith distances, the differ- 
ence of level being known.—There are two 
cases; (1) single zenith distances and (2) 
reciprocal zenith distances. 

(1.) Measure the zenith distance of the 
station, and from the known difference 
of level compute the true zenith distance; 
the difference between the true and 
computed zenith distances is the refraction 
angle, which, divided by the subtended 
angle, is the coefficient sought. 

From Fig. 9 
CB—AC h'—h 
AB+AC 29+h’+A tan 4(CAB+CBA 

(21) 


(20) 


tan $(CAB—CBA 





CAB=180° —z—me 
CBA=z+me—e 
Substituting and reducing 
h’—h 


igi —cot. mO—3C)tan.4C (22) 
Fp+h +h cot.(z + mC—3C)tan.4 


” 


tan. }C=tan. 1 . =tan.1”’ 


i. 


2 tan. 1” 


h'—h=k cot. (Z+mC—4C) 
ith k? 
—— +—_—. 23 
Q+SF +a) 8) 


*U. S.C. & G. Report, 1882, p. 182. 
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Z + mC + $C = cot.’ a “ 


h'—h 
(1 2 
from which m can be found. 
(2.) Also CBA=180°—(Z’ + m’C); sub- 
stituting this value in (21), rembering 
that Z'+m'C=Z,' and Z+mC=Z, and 
solving as before we get 


h 


—I 
}(Z',+Z,) = tan” — 
| —, ke? 
ee eee eee _ )* 5 
(1 2 isp) (25) 


$(Z’, —Z,)=90° + 4C. (26) 
Z—Z=F and Z’,—Z'=F" 
and finally m = = Sand m’ =F 
Struve,t Bauerfiend and others, have 


deduced rational formule for computing 
the coefficient of refraction from the ob- 
served temperature and barometric pres- 
sure, but such formule are of little utility, 
owing to the difficulty in the way of get- 
ting the temperature and pressure of the 
atmosphere. 

§ 74. Laws of Refraction.—* Exper- 
ience has proved that the refraction is 


water, than for lines over land; it dimin- 
ishes with altitude and with increasing 
temperature, but increases with increasing 
atmospheric pressure; in general its 
value depends upon the law of the distri- 
bution of temperature with the height.”t 

There is an irregular effect of refrac- 
tion, usually termed, “ boiling,” due to 
varying density of the atmosphere, which 
causes the target to vibrate rapidly 
through a small angle rarely exceeding 
10”, but whose effect cannot be caleu- 
lated. 

For a table showing the diurnal varia- 
tions of refraction, see U. S. C. & G. Re- 
port, 1876, pp. 361-2; also U. 8. C. & 
G. Report, 1883, pp. 295 and 310. 





greater and more variable at sunrise than 
at any other hour of the day; that it | 
gradually diminishes in both respects, 
until 9 or 10 A. M.; that between those 
hours and 34 P. M., 4 is comparatively | 
stationary, and from 34 P. M. to sunset, 
it increases in amount and variation, being | 
the greatest during the night. The best | 
period for observing, therefore, is between 
9A. M. and 3 P. M., and the worst at | 
sunrise and sunset.” t 

During the night, the refraction is less 
variable, but greater in amount, one 
about off-setting the other. A day with 
the sky wholly overcast is to be preferred 
to a clear or partially clear day. 

“Although the refraction exhibits daily 
variations, and is a function of the tem- 
perature and the pressure of the atmos- 
phere, yet it is extremely irregular ; in its 
ordinary variations, the coofiie ient keeps | 
within the range of 4 to qi, but occasion- | 
ally and abnormally, it may be several 
times geater, or it may become zero, or 


| 


} 

. 

even take a negative value. The refrac- | 
tion is slightly greater for lines crossing 


*U.S.C. & G. Report, 1882, p. 183. 
+ British Ordnance Survey, p. 214. 


$75. Value of the Coe fficic nt of Re- 
Sraction. 
| De Lambre, from observations in 
I a 5 ak eke athe se FEES 0.07876—1 
Bégat’s Traité de Geddésie, in 
France, for Summer ... 0.06 —2 
Bégat’s Traité de Geddésie, in 
France, for Winter...... ...... 0.10 —2 
Bégat’s Traité de Geddésie, in 
France, formean.............+. 0.08 —2 
Bessel, from oper rations in Prussia 0.0685 —3 
Gauss, ‘ ‘* Prussia 0.0653 —3 
Struve, ‘ ‘* Russia 0.0618 —é 
Corabeuf, ‘‘ ” - as 0.0642 —4 
Mean from all observations in 
a es eae 0.0665 —3 
Chauvanet gives.... ..-.-+. 0.0784 —1 
The British Ord. Survey “0. 076x +0.0035 —6 
Do. for rays not crossing the sea... 0.0750 —6 
Pe crossing ie = 0.0809 —6 
U.S. C.S. in New England near the 
- ikinaeateede iS. ceca telas tena alata hae 0.078 —5 
U. Cc. 8S. in New England for 
sm mall SN risa cia eke .075 —5 
U. ‘'S. C. S. in New E ing): and between 
primary stations............ 0.071 —5 
U.S. C. 8. in interior of country.. 0.065 —7 
|U. S. Lake Survey in Central 
DE. nciskihassss> sienna 0.06 —4 
1. Chauvenet’s Practical Astronomy, Vol. 1, p. 177. 
2. Davies and Peck’s Mathematical Dictionary, p.20. 
8. Ordnance Survey, p. 512. 
4. U. 8. Lake Survey Report, p. 428 
5. U. S.C. R. 1868 


3. Clarke’s Geodesy, p. 283. 
U.S. C. S. 1868, p. 62. 


Sec. 2. TrrgonometricaL LEvELING. 

76. By Observed Angle of Elevation. 
—Let D, Fig. 10, represent the position 
of the observer, and E the station whose 
elevation is to be determined. Let A= 


S 
> 


the observed angle expressed in seconds 
of are. k=the distance between the sta- 


tions. 


+ U.S. C. . Report. 





+ EE o_o ONS 


see 


rs 
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B E as in all other formule for trigonometri- 
“oh cal leveling, is the uncertainty in m. 

§ 77. By the observed zenith distance 
of the sea horizon. Let Z=the meas- 
‘ured zenith distance, h=the elevation 
sought. Then in Fig. 11 











The difference of level, 7h, is made up of 
HF, due to curvature, and FE, due to the 
angle of elevation. The angle of refrac- 





ee a a 
pare. 1 





km 


angle of elevation EDF =A—————... 
p are.1 


1—cos. C 


| 

| atk Hence h=p—_ G 
| 

_ 2 sin.* $ C_ 2p sin. $C sin. C__ 
~ eos. C2 cos. $C cos. C 


a7 mk ‘- 
k tan. 1 (a—. a ==) p tan. $C tan.C. 





FE=k tan.(A— _ »)= 
pare. 1 


K? Since C is always small, assume tan. $C 
FH=,.. |=4 tan. C, which, substituted above, 


.-. dha=EH=FE+HF= ee h=3p tan. ©. 


KA tan 1", (97)| To find ©, notice that Z+mC+(90—C) 
p ~—2p Z—90° 


| 1999 a, tee ’ 
The U. S. Coast Survey report for | =180", therefore C= l—m »which, sub 
1868, page 127, states in effect that the | stituted in the above, gives 

error produced by neglecting the term | 

mk’ . . ; 7 ,Z—90° p 

ry s no greater than the uncertainty in | *=49 tan. I—m ~20—m)* 


| 








the coefficient of refraction, and gives the | tan."(Z—90)* (30) 
we ai, ae — e for distances | $78. By the zenith distance observed at 
not exceeding 10 or 15 miles. lone station.—Let dh=the difference in 
dh=0.00000485 A + 0.0000000667 4°(28) | level between the two stations. The tri- 

The neglected term is 0.1%’ ft. for & in to ADB Vie. 19. civend — 7,5in- BAD 
miles. If this term is not neglected |ang . ay SR, gpeencin “sin. ABD 
dh=0.00000485 KA —0.0000001334 mk? | EAB=mC=FBA=m’'C. 


+0.0000000667 &* = (29) | ABD=Z +mC—C 
~ | BAD=90°—(Z + mC) + $C. 


The last term is plus for angles of ele- 








vation. The chief source of error in this | *U. 8. C. 8. Report, 1868, p. 127. 


s. C. S. 
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cos.(Z + mC—4C)* 


dh=k sin.(Z+mO—C) (31) 


§ 79. By reciprocal zenith distances to 
eliminate refraction.—Let Z and Z’ be 
the measured zenith distances. Then the 
triangle ABD, Fig. 12, gives 


k&: sin. ABD: :DB : sin. DAB. 
Substituting for ABD and DAB their 


values in terms of Z’ and Z, assuming 
mC=m'C, and solving, gives 

sin. 4 (Z’—Z)t+ 
cos. 4(Z’ -Z+C) 

§$ 80. Micrometrical Difference of 
Level.—Another method is to measure 
by means of a micrometer inserted in the 
eye piece of the telescope, the difference 
in altitude between the different stations, 
the absolute elevations of one or more 
being known. The method of reducing 
the observations is easily understood. 

§ 81. Corrections.—In the preceding it 
has been assumed that the instrument 
and the target observed upon, occupied 
what has been called the “station.” The 
difference in height between the horizon- 
tal axis of the telescope and the trigono- 
metrical point, or the ground at the sta- 
tion, and also the elevation of the target, 





dh=DB=k 


* U.S.C. 8. Report, 1868, p. 126. 
+t U. 8. C. S. Report, 1868, p. 125. 


should be measured and made a part of 
the record. 

The correction to the zenith distance 
for the difference in height of the target 
and telescope above the ground may be 
computed by the formula—correction in 


seconds= ~, in which d is the dif- 


Asin. 1 
ference in height and & is the distance 
between stations. 

§ 82. Limits of Precision.—Reciprocal 
zenith distances measured at any two sta- 
tions at the same moment of time, or 
under the same supposed condition of 
atmosphere, give the best results. When 
reciprocal, but not simultaneous, the ob- 
servations should be made on different 
days, as in the case of horizontal angles, 
in order to obtain as far as possible a 


'mean value of the difference between the 


respective angles and an average value of 
the refraction. The same care should be 
taken when the zenith distance is meas- 
ured at one station only. 

The condition of the atmosphere and 
the relative refraction may be so different 
at stations situated more than twenty 
miles apart, that, as a general rule, the 
difference of level determined even by re- 
ciprocal observations cannot be relied 
upon for the desired degree of accuracy 


‘at distances greater than about twenty 


miles, unless a very large number of 
measurements have been made, under 
the most favorable circumstances. Notice 
that the difference of height determined 


| by trigonometrical leveling depends upon 


the coefficient multiplied by the square of 
ihe distance, and that, therefore, there is 
a limit to the distance for which any as- 
sumed mean coefficient can be depended 
upon for accurate results. The higher 
the elevations, the more reliable the re- 
sults, 

§ 83. In the final report of the U. S. 
Lake Survey (p. 544) it is stated that the 
probable error of determining a difference 
of level in Eastern Illinois by reciprocal 
zenith distances, using 8 to 10 separate 
measurements, made on 2 to 6 days, over 
lines 16 to 20 miles long, was somewhat 
less than 1 foot. 

The U. 8. C. & G. S. Report, 1876, p. 
345, contains an account of trigonometri- 
cal leveling in California, over a line 14 
miles long, in which the mean probable 
error of reciprocal zenith distances, 11 
hourly observations on 5 successive days, 
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| 

was 0.2 meters in 600 meters; for single | 
zenith distances the error was 1.09 meters. 
The same volume contains an account of 
angular leveling in Georgia, in which, 
(p. 379), it is stated that the probable 
error per line of about 20 miles is .487 
meters or ys}yp Of the horizontal dis- 
tance. 

Probably the above may be considered 
as examples of the best work possible. 


Cuaprer V. 
Sprrit LeEveLina. 


§ 84. Spirit leveling may be divided 
into two divisions, viz:—ordinary level- 
ing, or that undertaken, as a part of rail- 
road surveys, drainagé, &c.; and geodesic 
leveling, or that undertaken in connection 
with a triangulation survey, and in which 
extreme accuracy is sought. The latter is 
frequently called “ precise leveling.” The 
methods of the former are too well known 
to require discussion here; this chapter 
will be devoted exclusively to geodesic 
leveling. 


Geropesic Levene. 
Seo. 1. Tue Instrument. 


§ 85. Spirit leveling instruments may 
be grouped in three classes. The first 
includes all instruments that can be 
adjusted by reversals, the wye (or Y) 
level being a representative of this class. 
The second includes all that cannot be ad- 


justed by renewals of which the “dumpy” | 


or English instrument isatype. The third 
includes all instruments whose errors 
of adjustment can be wholly eliminated 
by a system of double observations. The 
levels employed in geodesic leveling are 
of this class and are generally known as 
levels of precision. 

There is‘ considerable variety in the 
form of this class of levels, but only two 
have been used to any considerable ex- 
tent in this country :—the Swiss or Kern 
level, by the Lake Survey and Mississippi 
River Commission, and a modification of 
the Vienna or Stampfer level, by the Coast 
and Geodetic Survey. The construction 
of the two are similar, hence only the 
latter will be described here. The former 
is described in the final report of the U. 
S. Lake Survey, p. 597, and described 
and illustrated in Jordon’s Vermessungs- 
kunde, vol. II., p. 

§ 86. U. 8. Coast Survey Level.—The 
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instrument is shown in Fig.13.* The 
telescope may be reversed end for end 
and revolved about its optical axis, the 
two positions in which the horizontal 
thread is horizontal, being definitely fixed 
by projecting pins. The level can also 


be reversed end for end independent of 


the telescope. One end of the telescope 
and level can be raised and lowered by 
the micrometer screw. Near the micro- 
meter is a cam hook, by which the weight 
of the superstructure can be raised off 
the micrometer during transportation. 
Under the telescope are two false wyes 
on lever arms by which the telescope can 
be raised out of the wyes for transporta- 
tion. The whole instrument is secured 
to the tripod head by a brass plate which 
fits over the feet of the leveling screws. 

The aperture of the telescope is 43 m 
m. (12 inches nearly), focal length 410 m 
m. (164 inches nearly), magnifying power 
37. The value of one millimeter of the 
level scale is 1.5 (1 inch=37".5 or 
radius=800 feet.) The diaphragm is 
glass and has two horizontal and one ver- 
tical line ruled upon it. The two hori- 
zontal lines are used as stadia hairs to 
determine the length of sight. 

A smaller size of this instrument is also 
used. The weight of the larger one, in- 
clusive of tripod, is 45 lbs.; the smaller 
weighs 23 lbs. 

$87. The Rod.—The rod used with 
this instrument was a target rod made of 
pine, 3” by 1”, stiffened bya strip fast- 
ened along the middle of each face. One 
edge of the main strip has a self-reading 
graduation to cm. upon it. A brass strip, 
craduated to em., is let into the side of 
the strip; it extends the whole length of 
the rod, being fastened immovably at 
the middle. Its temperature is deter- 
mined by a thermometer let into the side 
of the wood. The target, which is moved 
by an endless chain, carries a short ivory 
scale, graduated to mm., which slides 
over the brass strip; the rod therefore 
reads to millimeters. The foot of the 
rod is a rounded piece of brass resting in 
a corresponding depression in the foot 
plate.t A handle and a disk level enable 
the rod man to keep the rod vertical. 

§ 88. Adjustments.—The adjustments 
of this or other geodesic levels, do not 


* From U. 8. C. S. R., 1879, p. 202. 
+ Would it not be better if the end of the rod were 
hollowed out to fit a projection on the foot plate? 
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materially differ from those of the ordi- 
nary forms, and are generally more con- 
veniently made. In the ordinary forms 
some of the less important adjustments 
are generally neglected as being less 
than the degree of accuracy aimed 
at, but in precise leveling, extreme 
accuracy is desired, and therefore 
every adjustment must be carefully 
attended to, even though it is the 
intention to use the instrument in such a 
manner as to eliminate all errors of ad- 
justment. The usual method is to adjust 
the instrument as nearly as possible and 
then determine the error; each single ob- 
servation can then be corrected, thus af- 
fording a check between the members of 
a double observation. 

§ 89. Inequality of diameter of collars 
is the only error that cannot be elimi- 
nated by any system of double observa- 








13. 


tions ; it could be done if the line of the 
vertical axis were immovable; it is elim- 
inated from the final result by equal 
back and foresights. Butto employ the 
check of double leveling (as will be de- 
scribed presently).a correction for inequal- 
ity must be appled to the rod reading. 

The inequality of the collars can be de- 
termined by observations with a striding 
level, exactly as the pivots of an astro- 
nomical transit are examined; conse- 
quently it is unnecessary to describe the 
method here (see Chavenet’s Practical 
Astronomy, vol.IT. p. 153, or U.S.C. & G. 
S. Report, 1880, p. 210). The correction 
to be applied to the rod reading at the 
distance D, will be d sin. 1”, in which 
dis the pivot correction in seconds of 
are. 

£ 90. The absolute value, and the uni- 
formity of the graduations of the rod, the 
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coefficient of expansion, the accuracy of 
the thermometer, and the disk level, 
should be tested carefully. The observer 
should also know his ordinary inaccuracy 
in performing the different parts of an 
observation. 

$91. Correction for Curvature and 
Refraction. Curvature.—To compute 
the correction for curvature, let AD, Fig. 
14, represent the line of apparent level ; 


A 

- D 
| “fy 
B 





p 


| fd Fig. 14 
V 
and AB the true level. DB is the cor- 
rection for curvature. By Geometry 
AD*=DB(2BC+DB). Neglecting DB, 
as if is very small in comparison with 
2BC, and representing the length of 
sight by 4, and the radius of curvature 
by p, then correction for curvature 
Bp=* 
2p 
For BD in feet, and the distance in 
miles thus becomes 


BD=0.667 k’ 


Refraction.—D’ is the true position of 
the target and D the apparent. It has 
been shown (Sec. 1, Chap. IV.) that the 
angle of refraction D’AD is equal to mC, 
in which m is the coefficient of refraction 
and C the angle ACD. 

a. =k tan. DAD’ 

=o ain, 17 * tan. 

2 
=K DAD’ tan. 1” =" 


It will be impossible to select a value of 
m which shall be true for all cases; but 
since the line of sight is always near the 
ground, and since the observations are 
generally made in the morning and even- 
ing, when the seeing is best, a large 


value should be chosen. The Coast Sur- 
vey uses* m=0.07.° 

Total Correction.—The correction for 
curvature and refraction to be applied to 
the observed readings is 
BD’=BD—DD’=(1—2 m.) J tee 

2p 0p 
=.000000020 45 %* 


Numerous tables have been computed 
which give this correction directly for the 
different lengths of sight; or tables can 
be prepared which will give the differ- 
ence of the correction with the difference 
in length of sight for an argument. 

For 4=210 ft. the above correction 
=.001 ft. 

For k=1 mile, the above correction 
=0.57 ft. 


Section 2. Tue Practice. 

§$ 92. Method.—There are two princi- 
pal methods in leveling, according to the 
sequence of the instrument and rod, 
which may be called single and double 
leveling. Each may be performed with 
one rod or with two; this gives rise to 
four methods, which are represented 
graphically in Fig. 15. I,, L,, I,, ete., in- 
dicate successive positions of the instru- 
ment; A,, A,, etc., successive positions of 
one rod; and B,, B., ete., successive posi- 
tions of the second rod. 

Iis the method of ordinary leveling, 
and may be called single leveling with one 
rod. 

IL is single leveling with two rods. By 
the use of the two rods, less time inter- 
venes between the backsight and 
foresight; it is therefore more accurate, 
as there is not so much liability of change 
in the plane of the line of sight. It is also 
more rapid than with a single rod. This 
is the method used on the U.S. Lake 
Survey,{ and the Mississippi River Sur- 
veys.$ 

III, double observations with one rod 
affords a perfect check against errors of 
adjustment and observativn, since the dif- 
ference in reading of the two foresights 
should be the same as the difference of 
the two backsights following. 

IV, double observations with two rods 
combines all the advantages of ITand III. 
It is the method used on the U. 8. C. & 
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Fig. 15 


G. Survey.* The numerals adjacent to 
the rods show the order in which they 
are sighted upon. 

V is another method sometimes used. 
Two rods are used, being placed as in the 
figure. After having observed upon A, 
and B, the instrument is pulled up and 
reset a little to one side and the two rods 
sighted upon again. This method dupli- 
cates the work as far as instrumental 
errors are concerned, but is not an inde- 
pendent check. 

$93. The Observation.—After having 
planted the tripod firmly and leveled the 
instrument, read both ends of the bubble, 
estimating the fraction of a division; 
next read the position of the two (or 
three) wires on the rod; then read the 
bubble again for a check to eliminate any 
change. Reverse the level end for end, 
and turn the telescope 180° about its 
optical axis, and repeat the operations 
as above. ‘The first reversal eliminates 
any inequality in the lengths of legs 
of the striding level; the second 
eliminates any error of collimation. The 
mean of the several readings must be cor- 
rected for the difference in position of 
the bubble, and for inequality of the col- 
lars. . 

Instead of reversing the level and 


telescope at the same time, the observa- 
tions are sometimes made as follows :— 
read upon the rod, reverse the level, and 
read again; reverse the telescope and 
read a third time, then reverse the level 
and make a fourth reading. The first 
method seems the better. 

§ 94. If there is a milled head screw 
under one end of the telescope, the bub- 
ble can easily be brought to the middle 
each time ; if there is not, it is better to 
bring it nearly to the middle and apply a 
correction. It is not enough to read only 
one end, since the bubble is liable to 
change its length with a change of posi- 
tion or temperature. 

$ 95. On the coast survey, the method 
of observing differs slightly from that 
described above.* Errors of level and 
collimation are eliminated by reversing 
bubble and telescope on each backsight 
and foresight ; but each observation is of 
a single wire on a target. The target is 
set but once for each station, the differen- 
tial quantities being read by the micro- 
meter under the eye end of the telescope. 
This seems not to be as good a method 
as the above; “there are two objections, 
aside from the time and labor required to 
set the target. First, there is no suffi- 
cient check against errors in reading the 











*U. S. C. & G. Report, 1879, p. 206. 





*U. S. C. & G. S. Report, 1879, p. 206. 
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positions of the target. Second, the 


micrometer is read for a central position | 


of the bubble, the telescope is then moved 
to bisect the target and the screw read 
again, therefore there is no check on the 
stability of the instrument.” 

$ 96. Length of Sight.—On the U. S. 
C. & G. Survey, the length of sight ranges 
from 50 to 150 meters, according to con- 
dition of ground and weather, the aver- 
age being 110 meters, the distance be 
tween the two rods on the same side of 
the instrument being 20 meters. On the 
Lake Survey,* the maximum was 100 
meters; on the Prussian Land Survey, 
since 1879, it has not exceeded 50 meters, 
except for river crogsings.Tt 

The attempt is always made to place 
the instrument half way between the two 
stations ; the rodman approximates the 
distance by stepping, and the instrument 
man measures it by the stadia hairs. On 
the Lake Survey, the difference between 
corresponding back and foresights was 
not allowed to exceed 10 meters. 

§$ 97. Sources of Error.—Probably in no 
other kind of instrumental engineering is 
it as important to distinguish between 
compensating and cumulative errors, as 
in leveling. For convenience in discuss- 
ing them, we shall classify errors of lev- 
eling as follows: 1, Instrumental Errors; 
2, Rod Errors; 3, Errors of Observation; 
and 4th, Personal Errors. 

1. Lnstrumental Errors.—The princi- 
ple instrumental error is due to the line 
of sight not being parellel to the level, 
which may be caused by imperfect ad- 
justment, or unequal size of rings, or 
both. If the telescope slide is not 
straight, or does not fit snug, it will also 
produce an error. Of course the instru- 
ment must be focused so as to eliminate 
parallax. -All of these errors are elimi- 
nated, whatever their value, by set- 
ting the instrument midway between the 
turning points. 

It has been found that appreciable er- 
rors are caused by the settling of the in- 
strument on its vertical axis, and of the 
settling of the tripod legs into the 
ground; in spongy or clayey ground 
the tripod legs are sometimes grad- 
ually lifted up. These errors, though 
small in themselves, are more im- 


portant than is generally supposed, 








* Final Report, p. 598. 
+ Wright’s Adjustment of Observations, p. 375. 








inasmuch as they are cumulative; 


| but probably they would be appreciable 





only in precise leveling. They can be 
eliminated by running the line in the op- 
posite direction. 

A small source of error arises from the 
fact that the adhesion of the liquid to the 
sides of the glass tube prevents the bub- 
ble from coming precisely to its true 
point of equilibrium. Even though it may 
finally arrive at the true point, it is liable 
to be read before it has stopped moving. 
Consequently a tube should contain con- 
siderable liquid, so as to give mass suffi- 
cient to overcome the adhesion. 

Another small error is the effect of the 
sun in raising one end of the telescope 
by the unequal expansion of the different 
parts of the instrument. In ordinary 
leveling operations, the bubble is first 
brought to the middle and then the tar- 
get is sighted in, leaving an interval for 
the sun to act. The error is greatest 
in working toward or from the sun. 
It is cumulative; for, on the backsight, 
one wye is expanded, which elevates 
the line of sight; while on the foresight 
the other wye is expanded, which de- 
presses the line of sight, the two errors 
affecting the difference of elevation in the 
same way. The error on the foresight is 
farther increased by the cooling of the 
wye which was expanded during the 
backsight. The error due to the sun is 
always small, and can be nearly elimi- 
nated by noticing the position of the 
bubble after setting the target, and can 
be still further reduced by shading the 
instrument. The Indian Geodetic Sur- 
vey proved conclusively that the error 
was appreciable, even when the instru- 
ment was shaded.* 

2. Rod Errors. —The principal rod er- 
ror is in not holding the rod vertical ; this 
may be remedied by attaching a level or 
by waving the rod. In waving the rod, 
care must be taken that the front face is 
not lifted by resting upon the back edge 
when the rod is revolved backward. 

With telescoping target rods when ex- 
tended, the slipping of the upper piece, 
after the target has been pronounced cor- 
rect and before the vernier has been read, 
is a source of error. The target itself 
may slip, but this is not so probable, be- 
cause of its less weight. 





* Jackson’s Aid to Survey Practice, p. 181. 
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Another source of error is the settling 
of the turning point, due, in coarse or sandy 
soil, to its own weight, or to the impact of 
setting the rod upon it. The resulting 
error is cumulative. The remedy in the 
first case is to use a long peg, or to rest 
the rod upon a triangular plate with the 
corners turned down slightly, or with 
spikes on the under side. This foot- 
plate with a convex button attached, on 
which to place the rod, is better than a 
peg for all cases. Whatever the turning 
point, the rod should never be dropped 
upon it. 

Finally, another small rod error is the 
error in the graduated length. This 
affects only the total difference of eleva- 
tion between the two points. This isa 
much more important source of error 
with the numerous home-made self-read- 
ing rods now in use, than with the rods 
muke by regular instrument makers. 

“ An important source of error in spirit 
leveling, and one very commonly over- 
looked, is the change in the length of the 
leveling rod from variations of tempera- 
ture. It is quite possible that errors 
from this source may largely exceed the 
errors arising from the leveling itself.”* 

3. Errors of Observations.—The prin- 
cipal error of observation is in reading 
the position of the bubble; even if the 
bubble is kept in the middle, it is never- 
theless read. Every leveler should 
know the error on the rod corresponding 
to a given difference of reading of the 
bubble ; he then knows how accurately 
he must read the bubble for a given de- 
gree of accuracy in the results. 

Another source of error is the moving 
of the bubble after being read, and before 
the sighting has been made. 
ment of the bubble may be caused by its 
being read before it has come to rest, by 
disturbing the instrument by stepping 
near the tripod legs, by turning the in- 
strument slightly in azimuth, or by raising 
or lowering one end of the telescope in 
focusing, or by the action of the sun or 
wind. The bubble should be re-read 
after the target is nearly adjusted, or 
with a self-reading rod, after the reading 
has been made and before the rodman is 
signaled to move on. 


leveling operations. 
If the reading is made on either side of 


* Wright’s Adjustments of Observations, p. 372. 


This move- | 


These two probab- | 
ly constitute the chief sources of error in | 
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the vertical hair, there is a possibility of 
error, owing to the horizontal hair not 
being horizontal; with Y levels, not pro- 
vided with a means of preventing the ro- 
tation of the telescope in the Y’s, this 
possibility becomes a probability. Any 
device which insures the horizontality of 
of the horizontal hair increases the rapid- 
ity and accuracy of the work. 

The inaccuracy of telling when the hair 
exactly covers the center of the target is 
a source of slight error, but not so small 
as many think. Owing to this source of 
error, the difference in accuracy between 
a target-rod and a self-reading rod is not 
so great as their difference in precision. 
Because a target is read to thousandths is 
no evidence that it is accurate to that 
limit. In precise leveling, self-reading 
rods are generally used; to reduce the 
error of reading the position of the hair 
upon the rod, two or three horizontal hairs 
are used, a reading being taken for each 
of them and the mean used as the rod 
reading. For a single observation, a tar- 
get rod is more accurate than a self-read- 
ing one; but three observations as above 
are probably more accurate than a single 
observation upon a target, and can be 
made in about the same time. 

When very long sights are required to 
be taken with the level, another source of 
error must be considered, viz., the cury- 
ature of the earth and refraction. Owing 
to these two causes, a point 225 feet dist- 
ant appears about 0.001 ft. too high ; this 
error increases as the square of the dist- 
ance. It is wholly eliminated if the in- 
strument is always exactly half-way be- 
tween the turning points. Refraction is 
not always the same; its mean effect was 
used in finding the above correction. 
Consequently, if there is abnormal re- 
fraction or a change of refraction be- 
tween sights, or a tremulousness 
or “ boiling ” of the air, small errors may 
result. The only remedy is to shorten 
the length of sight, or wait for better 
atmospheric conditions. The atmosphere 
is usually in the best condition for seeing 
just before sunrise and a little while 
before sunset, although the refraction is 
then greater. A cloudy day is better than 
a clear one. 

There is a possibility of error in record- 
‘ing the observations and making the 
computations, but in precise leveling 
there are so many checks that there is no 
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probability for serious error in this re- 
spect. 

4, Personal Errors.—The errors pre- 
viously described are liable to occur with 
any observer ; they are due chiefly to the 
instruments and to the nature of the work, 
and would probably not materially differ 
for equally skilled observers. We come 
now to aclass of errors which depend 
mainly upon inaccuracies peculiar to the 
individual. 

With a target rod, errors of one foot 
and one-tenth are not uncommon. The 
only check is for the rodman and observer 
to read it independently and compare 
notes; but this is inconvenient and not 
always possible. With a self-reading rod 
this error is less liable to occur, especially 
if three hairs are read. 

Finally, each individual has _ errors 
peculiar to himself, or to the work he is 
doing. One may read a target higher or 
lower than another of equal skill; or 
one observer in reading the position of 
the bubble may have peculiar views as to 
what constitutes the end of the bubble, 
or he may habitually read the bubble so 
as to get a distorted view of it through 
the glass tube; errors from these causes 
are compensating. Again, the target 
may be better illuminated on foresights 
than backsights, as in working toward or 
from the sun ; in this case the error will 
be cumulative. 

With skillful observers, all such errors 
are quite small and generally cancel them- 
selves. In fact, the errors here classed 
as personal are possible rather than 
demonstrated as actually occurring ; and 
yet, there is nothing more certain than 
that in any series of accurate observations, 
there is a difference between the results 
of different individuals. This difference 
is known as “ personal equation.” In long 
lines of accurate leveling, it has been 
found that each man’s way of perform- 
ing each operation has a decided effect 
upon the final result. 

$98. It is a curious fact, but one 
abundantly verified, that when lines are 
duplicated in opposite directions, the dis- 
crepancies tend to one sign and increase 
with the distance. This subject has been 
much discussed and various reasons as- 
signed, as settling of instrument, settling 
of turning point, dis-leveling effect of the 
sun, illumination of the target, and per- 
sonal bias in reading the target or bubble 
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| (but these should cancel in back and fore- 
sights), but none of the reasons are en- 
tirely satisfactory. “These discrepan- 
cies vary with different observers and are 
not even constant for the same observer, 
| are nearly proportional to the distance, and 
seem to be independent of the nature 
of the ground, the direction in which the 
work is done, the season, or the manner 
of supporting the rod.* 

The accuracy is increased by leveling 
alternate sections in the opposite direc- 
tion, as is done in India. It may be still 
urther increased by reading the back- 
sight first at each alternate time the in- 
strument is set up. 

The effect of this class of errors may 
be eliminated by each observer duplicat- 
ing this work in the opposite direction 
under as nearly the same conditions as 
possible. 

$ 99. Limits of Precision.—The prob- 
able error per unit of distance is gener- 
ally adopted as a convenient measure of 
the precision reached. According to the 
theory of probabilities, the final error of 
a series of observations, affected only 
by accidental errors, will vary as the 
square root of the number of observa- 
tions ; hence the error of leveling a num- 
ber of units of distance is assumed to 
vary as the square root of the distance. 

This assumption would be true if acci- 
dental errors were the only ones made, 
and if the number of observations were 
strictly proportional to the distance lev- 
eled, z.e., if the length of sight were 
constant ; but in the preceding article it 
was shown that leveling is affected by an 
error which is nearly proportional to the 
distance. It has frequently been noticed 
that, considered individually, the errors of 
a number of short lines were well within 
the limits which were prescribed to vary 
\as the square of the distance, yet when 
the sum for several] lines were considered 
the total discrepancy would exceed the 
|limit. In other words, for a line leveled 
lin only one direction, the error is not 
strictly proportional to the square root of 
|the distance. One part of the error is 
proportional to the square root of the 
| distance and another portion varies nearly 

as the distance. Hence, the shorter the 
‘distance, the easier to attain a limit pre- 
scribed to vary asthe square root of the 
distance. 











* Chief Engineer’s Report, 1884, p. 2555. 
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“ According to the Geodetic Assoia- 
tion of Europe, levels of precision exe- 
cuted of late years in Europe, show that 
the probable error of a line of levels of 
precision shonld never exceed 
5 mm.4/distance in kilometers. 

(0.021 ft. ./miles), 
that 3 mm.,4/distance in kilometer 
is tolerable, 2 mm.,/dist. in Km.- 18 & fair 
average, and 1 mm.4/dist.per Km. is high 
precision.”"* The Coast Survey requires 
5 mm. 4/2 dist. in Km. (0.030 ft.4/miles). 
-Of late years the Coast Survey's and 
Mississippi River Survey's work are con- 
siderably within the limit of 
2mm.,/Kilom. The Mississippi River 
Commission’s limit is 
5,/Kilom. (0.021 ft. 4/miles. “The 
limit on the British Ordnance Survey is 
0.01 ft. per mile.” 

Results of leveling are often given of 
apparently greater accuracy than the limit 
above; but regularity of result and even- 
ness of error is of more importance than 
occasionally small disagreement. It is 
usually the latter that is recorded. 





*U. S.C. S., 1882, p. 522. 


was done. 


If the error was determined by dupli- 
cating the work in the same direction, and 
especially if at the same time, as by 
methods III, IV, or V, the difference will 
be the apparent error, and necessarily be 
too small. The result obtained by the 
adjustment of a net of lines by the 
method of least squares affords the best 
method of arriving at the degree of pre- 
cision. 

$106. Speed—The amount of work 
that an observer should do in a day can- 
not be stated definitely ; it depends upon 
the accuracy to be obtained, the power 
and delicacy of the instrument, the meth- 


| od pursued, the ground, and very largely 


upon the weather. For the very best 
work, even in clear weather, not more 
than 3 or 4 hours can be utilized. The 
average daily run for several seasons on 
the Mississippi River, using a Kern level 
and method II (¢ 93) was a trifle over a 
mile per day for the entire season, and a 
little over a mile and a half for the days 
on which work was done.* On the Lake 
Survey, with the same instrument and 
method, the distance was about two miles 
per day for the days on which leveling 


*Chief Engineer’s Report, 1884, p. 2462. 
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II. 


Pararrininc Gun Corton. 


1. Paraffining Dry Gun Cotton so that 
the Puruffine penetrates the piece and 
tukes the place of the water, which is 
always present in wet Gun Cotton. 


Wet gun cotton, in store, will dry in 
time unless it be packed air-tight, and 
must therefore be moistened from time 
to time. 

To save this labor, it has been proposed 
to replace wet gun cotton by paraffined 
dry, on the ground that paraffine does not 
evaporate. 


Vout. XXXV.—No. 6—33 


This would be a very practical sugges- 
tion if the paraffine were capable of re- 
placing the water. But this is by no 
means the case; paraffined gun cotton is 
rather a substance intermediate between 
wet and dry, without the good properties 
of either. : 

The principal advantage of wet gun 
cotton, containing 25 per cent. of water, 
is, it is not combustible. This property 
deprives it, in handling, storing and 
transportation, of the character of an 
explosive, and it is a great advantage to 
be able to store gun cotton in this condi- 
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tion, especially when lisse quantities are| quires from } to one hour, according to 
on hand. the size of the pieces. If the paraftine 

This will come into play, particularly | bath is at a lower temperature, a longer 
in case fire breaks out in the magazine or | time will be required. 
in its vicinity ; even if the supply of gun| This process may injure the gun cot- 
cotton is destroyed, as will be the case if| ton every time. 
large quantities of other combustible sub-| It is a determined fact that at tempera 
stances 8 are present, and the flameis there-| tures of +65° C. nitrous acid is omaived 
fore very persistent, danger there cannot} from gun cotton; it is detected by means 
be. |of the reaction with potassium iodide 

Although a uus decomposition|and starch paper. The paraftine causes 
is not absolutel ely impossible, yet wet gun/ this nitrous acid, as well as that which 
cotton will have the preference over all| may be evolved in the course of the year, 
other explosives formed by the nitration | during the storage of the gun cotton, to 
of organic substances, which are all com- | be retained. In case of dry or wet gun 
bustible, in that spontaneous combustion, | cotton, not inclosed air-tight, the gases 
at all events, cannot take place. | developed can escape. 

The property of incombustibility is} The discovery has often been verified 
that which above all renders wet gun|in the factory at Walsrode that, accord- 
cotton particularly suitable for military|ing to the potassium iodide and starch 


use, and especially in submarine mines, 
since, in this case, large quantities of the | 
explosive will be accumulated in one) 


place, and, in case large quantities of ex-|1 
bines with the chalk and partly volatil- 
izes, so that a more stable gun cotton 


plosive burn, there is great danger arising 
from this very fact; moreover, by the 
gradual rise in temperature an explosion 
may even take place. 

Paraffined gun cotton, however, is not 
incombustible; in fact, any little flame will 
set fire to it, and it will burn almost as 
rapidly as dry gun cotton. 

The rapidity with which the flame 
spreads and develops is the true criterion 
of the degree of danger, which may re- 
sult from its combustion, to a magazine | 
filled with explosive. 

As a further test of paraffined gun| 
cotton, the following experiment, made | 


|test, gun cotton of slight stability, which 
is permitted to give off its vapors freely, 
becomes more stable after a number of 
years. The acid developed partly com- 


remains. Very slight traces of nitrous 


jacid are evolved from all gun cotton, 


even at comparatively low temperatures. 
If gun cotton be digested in warm water, 
or for a longer time in cold water, nitrous 
acid may be detected in the water by the 
addition of sulphuric acid and zine 
iodide and starch solution. 

We made the following experiment : 

Gun cotton was washed at the labora- 
tory until the wash water no longer gave 
any reaction for nitrous acid; then the 
gun cotton was left in the drying oven 


at the factory at Walsrode, may serve: lat +30°C. for eight days and again 


Pieces of gun cotion, not thoroughly |v 
freed from acid, were paraffined. Aftera 
period of two years the gun cotton 


washed. The w ashings a again gave the 
reaction for nitrous acid. 


The same experiment, repeated with 


showed signs of dee omposition, green | the same gun cotton, invariably gave the 


flecks and ‘curdy spots began to appear, 
the mass became soft and liquid ; the ap- 
pearances were the same as in the case 
of poor, dry, unparaffined gun cotton. In 
case of wet gun cotton this phenomenon 
was not observed. 

But not only does the paraffining not 
prevent decomposition, it must, accord- 
ing to all appearances, induce a spon- 
taneous decomposition. Paraffined gun 
cotton was prepared by drying wet gun 
cotton and digesting it in a bath of 
paraffine at 65° C until the entire piece 
was permeated by the paraffine. This re- 


same result. 

Hence, we must conclude that all gun 
cotton contains nitrous acid. 

Moreover, all commercial nitre, as used 
in the manufacture of gunpowder, con- 
tains nitrous acid. 

We applied to one of the most cele- 
brated factories of chemicals for fused 
nitre, free from nitrous acid, and were 
told that they had not succeeded in pre- 
paring it. 

We then prepared it in our own 
laboratory, by careful fusion and re- 
fusion, under certain required condi- 

















tions, and preserved it in a well-closed 
glass flask. 

When examined after an interval of 
several months, the nitre again contained 
nitrous acid. 

Professor Himly, of Kiel, often ex- 
pressed himself to the author to the 
effect that: “ All nitro compounds are 
unstable, all organic substances are easily 
decomposed, only inorganic substances 
should be used for explosives.” True as 
this is theoretically, it is nevertheless not 
verified in practice. 

In all cases, however, it will be ‘well, 
even with gun cotton, not only to exer- 
cise great care in the manufacture, but 
also not to rely too much on its safety 
in preparing charges for blasting, as is 
too often done. 

We call attention, moreover, to the 
fact that, when the nitrous acid has com- 
bined with the chalk to form calcium 
nitrite, as long as no more is evolved 
than the chalk can combine with, it can- 
not injure the gun cotton. Nevertheless, 
it again makes its appearance when 
tested with solution of potassium iodide 
and starch, or zine iodide and starch, 
because the calcium nitrite is dissolved 
by the water in which the gun cotton is 
digested; and when sulphuric acid is 
added the nitrous acid is liberated and 
detected by the reagent. A gun cotton 
may therefore be free from acid, and yet, 
when tested, give the reaction for nitrous 
acid. From all this we conclude that it 
is useless to attempt to prepare gun 
cotton free from nitrousacid. But such 
gun cotton is not to be confounded with 
that which contains considerable quanti- 
ties of free acid, even nitric acid. Such 
gun cotton, instead of improving with 
time, will deteriorate and rapidly de- 
compose. 

Any indication that gun cotton, even 
only moderately free from acid, but 
chemically altered, decomposes with the 
production of light, we have never ob- 
served. 

Returning to paraffined gun cutton, 
we do not mean to state that a good gun 
cotton must necessarily decompose to 
such an extent as to be dangerous, but 
only that it is better to avoid the process 
of paraftining, if possible; furthermore, we 
do not say in general that it is injurious 
to preserve a good gun cotton air-tight, 
but rather have frequently verified the 
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fact that a good gun cotton, stored air- 
tight for years, has lost nothing of its 
permanence, as determined by the po- 
tassium iodide and starch test; we 
simply believe that for all gun cotton it 
is better, if practicable, to store it with- 
out inclosing it air-tight. 

If we return now to the physical 
properties of paraffined gun cotton, we 
shall see that its only similarity to wet 
gun cotton is in being less sensitive to a 
shock than dry, on account of which 
property paraffining has been mainly ad- 
vocated ; it is, however, much more sen- 
sitive to a shock, and especially to 
ignition by a shock, than gun cotton 
with 15 per cent. water. 

In this connection we made the fol- 
lowing experiment : 

Shots were fired at short distances 
from the Mauser Infantry arm against 
disks of gun cotton 15 cm. in diameter 
and 5 em. thick. Gun cotton with 15 
per cent. water stood three hits; paraf- 
fined gun cotton was ignited the third 
hit. 

The shocks to which the gun cotton 
designed for use in submarine mines is 
liable, even dry gun cotton can endure; 
for that purpose it will not, therefore, be 
necessary to paraffine the gun cotton. 
The charges of the Fish torpedo are an 
exception, as they are often exposed to 
the enemy’s fire, but for this very reason 
paraffined gun cotton cannot be used. 

Having shown that paraffined gun 
cotton is too sensitive to shock, it should 
be stated, on the other hand, that it has 
lost the power of being detonated by 
the detonation of a primer containing 
1 grm. mercuric fulminate. It can be 
detonated only by means of dry gun 
cotton. 

As paraffine does not evaporate it for- 
ever prevents the use of gun cotton per- 
meated with it for priming cartridges, 
while wet gun cotton need only be dried 
to be used for this purpose. 

We repeat, therefore, that, in our 
opinion, paraffined gun cotton is not an 
advantageous form of the explosive. 

In the work “The Modern High Ex- 
plosives” of Manuel Eissler, Mining 
Engineer, New York, 1885, gun cotton 
is very unjustly dealt with, as it is stated 
there that in England, experiments had 
been made showing that gun cotton is 


|so sensitive to a shock, that in a system 
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of submarine mines charged with gun | tridge has lost the power of being de- 
cotton, the explosion of one mine caused | tonated by the primer, but we are not 
the neighboring ones, and thus succes-|able to determine this with certainty. 
sively the entire series, to explode, and | Moreover, cartridges paraffined in this 
that it would therefore be easy, by means| way will, according to our experience, 
of a countermine, to explode an entire| become cracked, thus allowing moisture 
system of mines charged with gun/to penetrate. The piece of gun cotton 
cotton, and thus render it harmless. is not an unalterable mass ; it changes its 

It is a well-known fact that there is no|form with changes of temperature and 
navy in Europe which does not use com- | with changes in the hygrometric state of 
pressed gun cotton almost exclusively | the atmosphere ; hence, small cracks will 
for charging submarine mines, except in | be formed, and in time large ones, too. 
so far as old powder mines are still on| These possibilities will be ground suf- 
hand, and just because it is so little sen-| ficient for not applying paraffine in any 
sitive to shock. |manner to cartridges used in submarine 

In describing the chemical properties|mines. These cartridges must be pre- 
and the investigations of gun cotton, Mr.| served against moisture by the mode of 
Eissler has also shown that he does) packing, during storage and use. 
not understand its character and proper-| We add, in this connection, that car- 
ties. | tridges which are air-dried, and are pre- 

2. Paraffining dry gun cotton ex-| served in a dry and airy magazine, will be 
ternally, so that the paraffine penetrates | detonated at all seasons, in every kind of 
several millimeters, and forms with the| weather, by a 1 grm. primer; it is there- 
gun cotton a coating, which protects the| fore not necessary to take such extreme 
inner dry portion of the cartridge| precautions with it, provided only that 
against externul action, especially of | good 1 grm. primers are used. 
moisture. — : 

The operation is especially adapted for | 3. Parafiining Wet Gun Cotton. 
the preparation of priming cartridges.| Pieces of gun cotton, with 25 per cent. 
The opening for the reception of the| water, may be coated externally with a 
primer is closed with a sheet of paper | layer of paraffine several millimeters thick, 
before the cartridge is dipped in the) but the paraffine cannot penetrate on ac- 
paraffine, and the cartridge is thus pro-| count of the presence of the water. 
tected against moisture in general during| At ordinary temperatures the layer of 
years of storage. | paraffine is tolerably firm and prevents the 

An improvement of the process con-! piece from drying, to acertain extent, and 
sists in coating the walls of the cavity | gives it a tolerably permanent form. 
which serves for the reception of the| By changes of temperature, and by 
primer, by means of acetic ether. The frost, innumerable cracks are rapidly 
cartridge is thereby rendered impervious formed, however, and portions begin to 
to water for a considerable time, even crumble, causing the two advantages just 
after the sheet of paper is broken, and mentioned to be rendered nugatory. 











the primer is placed in position, prepara-| According to experiments made at the 
tory to using the cartridge, even under factory at Walsrode, it appears that of the 
water. most carefully-prepared wet pieces of gun 


The detonating power of the cartridge cotton, paraffined externally, several with- 
is not diminished by the thin coating of | stood the effects of the first winter, none 
dissolved gun cotton; it will detonate the second; the crevices became so nu- 
even under water, in spite of the fact that merous that there was no longer any im- 
water penetrates between the primer and pediment to the evaporation of the water, 
the walls of the cartridge. and the form of the piece of gun cotton 

In the case of charges for submar-' was no more permanent than in pieces 
ine mines, however, the use of paraffine | without the layer of paraftine. 
offers no advantages. However carefully| Not unimportant is the fact that the layer 
the paraffining is performed, it is not | of paraffine increases the size of the pieces, 
possible to ascertain whether the paraffine | and a given space will therefore contain 
may not have penetrated too far into the |less gun cotton. 
cartridge ; it is possible that the car-' In the case of pieces of gun cotton, 140 
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¢.c. in volume, the increased space re- 
quired amounts to 12 per cent., and, be- 
sides, 12 per cent. paraffine, 7.e., a consid- 
erable weight of a substance, which, to- 
gether with the wood of the packing 
boxes, forms a combustible material, 
penetrates into the wet gun cotton. 

Small pieces will evidently not be very 
suitable for this process. 

If the layer of paraffine be less than 2 
mm. thick, it will not subserve its pur- 
pose even fora short time. In conclu- 
sion, it will be exceedingly difficult and 
expensive to paraffine a large quantity of 
wet gun cotton, externally, so that the 
pieces are well coated with paraffine, and 
that the layer of paraffine will not di- 
minish the facility with which the wet gun 
cotton may be detonated. 

By experiment it was found that the 
detonation of wet, externally paraffined 
pieces of gun cotton was not effected by 
a priming cartridge of 150 grm., when 
the pieces are not in contact, but separ- 
ated 10 mm. from each other. In case 
of charges not inclosed, failures to ex- 
plode, or partial explosions, may easily 
take place. 

The result is that we must also regard 
wet, externally paraffined gun cotton, on 
account of its increased cost and disad- 
vantages, as not advantageous. 


Coatina Gun Corton By IMMERSING IT IN A 
So.veEnt. 

This process has proved a success in 
the experiments. extending over three 
years, and conducted in every possible 
direction. The coating lasts well, cracks 
or peelings occur only to an inconsider- 
able extent. A portion of wet gun cot- 
ton thus coated was preserved in well- 
closed cases, another portion in open 
cases under water. Although a few pieces 
contained cracks, the form and density 
of the pieces, obtained by pressure in the 
manufacture, was preserved. The time, 
during which the moisture is retained by 
the gun cotton varies mainly with the 
mode of packing it; impermeable the 
coating is not, but still it protects in a 
great degree as well against the penetra- 
tion of water in the case of dry gun cot- 
ton as against the evaporation of it in 
wet. The principal advantage lies in its 
rendering the pieces as tough as wood, 
and whoever has had occasion to observe 
the condition of even well-pressed and 


well-packed gun cotton, after transporta- 
tion over long distances, will appreciate 
this advantage. 

Moreover, the coating prevents the 
formation of mould, although in the case 
of wet gun cotton the formation of mould 
is favored by the very mode of storing 
it, and goes on in spite of the fact that 


|the gun cotton is enclosed, as when it 


begins on tke sides of the packing chests 
and extends to all the material stored in 
the chests, in which case the pieces of 
gun cotton cannot remain free from it, 
whether coated or not. Are they coated, 
however, the mould will not penetrate 
the pieces, but remains outside on the 
coating. It may easily be removed by 
wiping the pieces. It cannot therefore 
injure either the structure or the com- 
position of the gun cotton. 

We will remark, in this connection, 
that when wet gun cotton, on which 
mould has formed, is pliced in an 
airy store-room, in which it can dry, the 
growth of the fungus is stopped. More- 
over, we moistened gun cotton, which 
seemed to be especially threatened with 
the formation of mould, on account of the 
climate or the mode of storage, with car- 
bolie acid, with good effect. 

The coating will commend itself more 
especially in the case of gun cotton in- 
tended for use in submarine mines or the 
Fish torpedoes, which must endure trans- 
portation and always a long term of stor- 
age, and which may possibly have to en- 
dure unpacking and repacking in the 
vessels used for holding it in the mines. 

The coating is also suitable for the 
gun cotton used for explosion by the 
land forces, and which, in the event of 
war, must endure long-continued trans- 
portation, and often unpacking and re- 
packing. 

In case of granulated gun cotton, in- 
tended as a charge for shells, the coating 
is indispensable. All granulated powder 
will jolt in the shell when fired, friction 
on the walls of the shell is unavoidable, 
and thereby ignition of the powder and 
premature explosion of the shell may be 
produced. 

In case of granulated gun cotton this 
is true in a higher degree than ordin- 
arily. 

We therefore fill up the interstices in 
the granulated gun cotton, with which 
the shell is charged, with liquid paraffine, 
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which forms of the entire filling, after 
solidification, a compact, no longer com- 
pressible, body, excluding the possibility 
of a jolting of the charge or a move- 
ment of the separate parts. 

The coating of the separate grains pre- 
vents the paraffine, while liquid, from 
penetrating into them, and it is necessary 
to prevent this, because grains of gun 
cotton permeated with paraffine require a 
priming cartridge so large that it cannot 
be conveniently applied or cannot be ap- 
plied at all. 

Every granulated gun cotton is par- 
ticularly subject to conversion into dust ; 
the coating prevents this, and it is there- 
by made capable of being transported 
and of being used in warfare. 

The facility of detonation, in case of 
coated gun cotton, is in no wise dimin- 
ished ; dry gun cotton remains subject to 
detonation by a primer to the same de- 
gree, and wet gun cotton to the detona- 
tion of the dry and the adjacent wet gun 
cotton. 

Nor can there be any ground for the 
opposite view, since no foreign body is 
carried into the gun cotton or added to 
it by the coating ; a very small portion 
of the piece of gun cotton on the sur- 
face, about as thick as a sheet of thin 
paper, is simply dissolved by the solvent, 
and remains, after the evaporation of the 
solvent, as a thin, closely-adhering pel- 
licle. This pellicle consists of dry gun 
cotton, and it has therefore been said that 
the process of coating by means of acetic 
ether renders wet gun cotton combus- 
tible. 

Occasionally, too, the word “ether’ 
has led to the belief that, after the com- 
pletion of the fabrication of the coating, 
combustible vapors of ether may remain. 

The latter is of course not at all the 
case. The ether used for solution evap- 
orates very rapidly, and the above-men- 
tioned hard, dry pellicle remains. The 
amount of dry gun cotton thus pro- 
duced is, however, exceedingly small; in 
a prism 230 c.c. in volume it amounts to 
1 grm., and in case of one of 140 c.c. it 
is still smaller; therefore less than 4 per 
cent. 


’ 


A chest containing 50 kg. of wet gun 


cotton will therefore contain + kg. of dry 
gun cotton, a quantity involving no dan- 
ger whatever, and which, in comparison 











































with other combustible material present 
in the storage of wet gun cotton, is in- 
significant. 

Gun cotton is generally packed in 
wooden chests, pitched inside. The wood 
of the chest weighs 15 kg., the tar } kg. 
per 50 kg. of packed gun cotton—an 
amount of combustible material sufficient 


‘to produce a continuous heat, in case a 


fire breaks out in the magazine, adequate 
to vaporize gradually the water of the wet 
gun cotton, and thus convert it into dry 
gun cotton. 

The 4 per cent. of dry gun cotton pro- 
duced by the coating, will not alter these 
relations, since it does not fly about in 
the form of dust and come in contact 
with any light that may be carried about 
and thus take fire, as it is in a compact, 
not a pulverulent form, on wet gun cot- 
ton, combined with the latter in chests. 

As already stated, we are of the opinion 
that keeping gun cotton moist prevents 
all danger in case of fire in the magazine, 
as it prevents a rapid development of the 
fire; we are, however, also of the opinion 
that, in all ordinary methods of packing 
or arrangement of the magazine, the 
stock of gun cotton may be considerably 
damaged by fire, and, in case of inade- 
quate arrangements for extinguishing 
fire, may even be entirely destroyed, and 
any change in the wet gun cotton, such 
as the coating produced by acetic ether, 
which is‘insignificant in effect, will not 
alter the character of wet gun cotton in 
this respect. 

The coated gun cotton long retains the 
odor of acetic ether. After some time, 
however, not a trace of the odor remains 
an indication that all the acetic ether 
has evaporated. No alteration in the 
gun cotton or in the pellicle is_pro- 
duced, however. We have found that 
no acetic acid is formed either in the pel- 
licle, or immediately under it, or in the 
piece of gun cotton itself. 

Should traces of acetic acid, formed 
by the mixture of vapors of acetie ether 
with atmospheric air, accumulate, how- 
ever, due to the inclosing of freshly- 
coated gun cotton, no injury will result, 
as it is in no way injurious to gun cotton. 

The process of coating gun cotton by 
dipping it in acetic ether is called “ gel- 
atinizing” gun cotton, and this expression 
is often used in the text. 








Gun Corron SHELLs. 

It is well known that the effect of 
shells filled with ordinary gunpowder 
against stone arches, against iron cover- 
ings, against armored walls and armored 
turrets, is often very slight, and that at- 
tempts have been made for some time to 
introduce a more energetic explosive as | 
a charge for shells. Compressed gun 
cotton must be recognized as best adapt- 
ed for this purpose, as it belongs to the 
most energetic of the explosives now 
known, exists in the solid form, is con- 
venient to handle, safe in transporta 
tion and storage, little sensitive to shock 
(not at all when wet), chemically stable 
even after long-continued storage, and 
has been known in the military world 
for 20 years, and is in use at present 
giving good results. 

From these considerations we have en- 
deavored to apply compressed gun cot- 
ton to produce an increased effect in the 
explosion of shells, and we have suc- 
ceeded, by extensive firings and explo- 
sions at the factory at Walsrode, in dis- 
covering a method of filling the shells 
which promises to fulfill all the require- 
ments, in that it not only renders pos- 
sible the firing of the ordinary rifle shell 
for mortars or guns without exploding in 
the bore, but also insures the explosion 
of the shell at the target. 

This filling of the shell—the gun cot- 
ton as well as the primer—endures all 
the shocks produced by the expanding 
gases in the bore of the gun; there is no 
danger whatever that one of the two por- 
tions of the filling of the shell will ex- 
plode prematurely by the shock received, 
and thus produce an explosion in the 
bore. 

We have proved this by the following 
experiments : 

1. By firing a considerable number of 
shots (over 200) with gun cotton shells 
with full charges, from an 8.8 em. gun, 
with an initial velocity of 450 m. ; 

By firing from the rifled 15 cm. mor. 
tar, with an initial velocity of 200 m. ; 

By firing from a rifled long 15 em. gun, 
with an initial velocity of 400, but in the 
case of the two last named guns with the 
6-caliber steel shells as well as with the 
ordinary shells. 

2. By firing shots with ordinary shells, 
in which separate parts of the filling 
were left, the others being omitted, so| 
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‘that every part might be tested separ- 


ately against various objects. 

Besides the immediate practical result, 
namely, that the shells were fired with- 
out exploding in the bore, it was com- 
puted in these experiments that the shock 


experienced by the shell with a high final 


velocity, in striking a solid object, was 


| very much greater than that which it re- 


ceives from the expansive powder gases in 
the bore of the gun. If it can, there- 
fore, endure the former without explod- 
ing (7. e., when the plunger, which is to 
cause the explosion of the shell on strik- 
ing, is removed), even without separate 
parts of the charge or of the fuse being 
changed in form or position, it may be 
assumed with perfect certainty that it will 


endure the latter shock in the Bore 
of the gun under all circumstances, 


and that, even when the plunger is in the 
fuse, explosions in the bore will not take 
place, as the plunger is the same as that 
which has been in use for some time in 
fuses and found perfectly safe. Besides 
the plunger, the fuse contains the primer, 
necessary for the detonation of the gun 
cotton. In the construction of this 
primer, which plays a most important 
part in the experiments with gun cotton 
shells, we have modified somewhat the 
form ordinarily used and rendered it par- 
ticularly safe, and, as shown by the ex- 
periments, we have thoroughly tested it 
under all kinds of circumstances. Be- 
sides the primer described in our patent, 
we used another form, which guarantees 
all that is possibly required. After a 
combination of wet and dry gun cotton 
has been accepted as a charge for shells, 
the remainder of the question is simply 
one of a proper fuse, which we found ex- 
tremely difficult to answer, but believe 
now to have thoroughly and completely 
solved.* 


* In filling the shell a hollow space is left in the pro- 
longation of the fuse-hole for the priming cartridge, 
in which is temporarily placed a hollow cylinder. Alter 
the paraftine congeals the cylinder is withdrawn and 
replaced by a tube of thin sheet brass. The diameter 
of the priming cartridge is the same as that of the fuse- 
hole. A diameter of 15 mm.anda length of cartridge 
of 42 mm. give it a weight of 7 grm., which is sufficient 
for the detonation of the charge. The priming car- 
tridzeis provided with a channel 8 mm. in width and 
82 mm. deep. 

The fuse is a percussion fuse, modified. The case of 
the fuse is lengthened and’ the end closed by a screw. 
In the hollow space, formed in lengthening it, is 
lodged the primer cap, containing 1 grm. mercuric 
fulminate. The plunger remains as before. The 
primer is provided with a strong case, surrounded by 
an india-rubber cap, to weaken the shocks transmitted 
to the primer. The primer projects nearly 22 mm. 
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The experiments, which determined | 
the capability of the charge of our shells 
to resist the effects of shocks, were as 
follows : 

a. We fired charged shells, from which 
the plunger, which we consider as having | 
no part in the experiments, had been re- 
moved, but which contained the rest of 
the fuse and the charge of gun cotton, 
against objects of great resistance at 
short distances.* The shells reached the | 
object with a high final velocity, 420 m. 

The targets were earth walls, walls of | 
strong wood, and wooden walls covered | 
with wrought iron rails. 

We found that our gun cotton shells 
endured the greatest striking force against 
these objects in the highest degree, with- 
out exploding, so long as the plunger was | 
left out. 

We increased the strength of the 
wrought iron rails, against which we, 
fired, as much as the strength of the 
shells would permit, and found as a re- 
sult that, as long as empty shells were 
not broken by the striking force, the 
shells containing gun cotton and primer 
remained intact also. When the shell 
breaks on striking the iron, and the parts 
of the charge, in pressing forward, are 
brought in direct contact with the iron, 
producing great friction, the gun cotton 
generally burns and the primer detonates. 

Nevertheless, many cases arose in which 
the shell broke, and the pieces were 
found 1 meter deep in the wall of the 
earth behind the rail, without auy com- 
bustion or detonation of the charge hav- 
ing taken place. 

6. Against the same objects we fired 
shells, which were provided only with the 
gun cotton charge, or only with the fuse, 
without the plunger, but with the primer. 

The first lot of shells we opened by plac- 
ing on them a gun cotton cartridge and 
detonating it; in case the charge of the 
shells did not also detonate, we were able 
to show that the separate grains of the 
charge of gun cotton suffered no com 
pression, but were found perfectly intact, 
and that n> jamming of the charge— 
either towards the bise or towards the 





from the fuse, and this projection enters the channel 
in the priming cartridge. 

In the other form of primer used the fuse was not 
altered, the primer being separate therefrom, and is 
protected from shocks by means of india-rubber. 

* We removed the plunger, because we used percus- 
sion fuses, which, if the plunger had been in place, 
would have caused the primer to detonate on striking. | 





head of the shell—had taken place; 
everything had remained in place. 

The last lot of shells, those in which 
the fuse and primer were present, we 
filled with peas instead of gun cotton, 
and with a wet priming cartridge; we 
opened them after the firing by cutting 
off the base with a boring machine, and 
were able to show that the primer had 
not been detonated. 

We fired from the 8.8 cm. gun shells 


of the ordinary form, but made of steel, 


under the same circumstances as above 
described, and obtained very good re- 


| sults, but before making the results pub- 


lic we desire to continue the experi- 
ments. 

While the experiments with partially 
charged shells showed that our filling is 
very safe against shock, the experiments 
with completely charged shells have 
shown that the arrangement of the primer 
functions very well, and that the charge 
of gun cotton always detonates entirely 
and with full effect. Partial explosions 
of the gun cotton charge did not occur 
in using granulated gun cotton. 

The form in which we prefer to use the 
gun cotton for the charges of our shells 
is different from the disks of gun cotton 
heretofore in use. 

A shell, filled with gun cotton in the 
form of disks, is described fully in the 
work of Lieutenant General Brialmont, 
“La Fortification du temps présent.” 

The disk form of gun cotton is not ad- 
vantageous for the filling of shells, be- 
cause the shells must be provided with a 
base or head, screwing off and on, so 
that the shell may be filled. We there- 
fore prepare the charge of gun cotton 
not only in the form of disks, but also 
in the form of grains, so that the filling 
may take place through the mouth of the 
shell, 

Each separate grain of this “ gun cot- 
ton powder” has a specific gravity of 
over |. The gravimetric density of the 
gun cotton powder is 0.7 ; 700 grm. (dry 
weight) will therefore’ fill a space of 
1,000 c.e. 

The grains are rectangular, 8 to 12 
mm. in diameter in cross-section, and 
either cubical or elongated. They are 
gelatinized, or coated by dipping in 
acetic ether, and have thereby acquired a 
compact form, and are prevented from 
crumbling to dust. 
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After the grains are poured into the|the latter cannot absorb 50 per cent. 


shell, the latter is filled with melted 
paraffine, which, after solidifying, con- 
verts the whole filling into a solid mass. 

In filling the larger shells we use wet 
grains as the principal part of the charge, 
adding at the end about 200 grm. dry 
grains, so as fo entirely fill the shell. 

In the use of powder of nitrated cellu- 
lose as a charge for shells, in the case of 
most of the different kinds of powder, pir- 
tial explosions will probably frequently 
occur, and combustion or the carrying 
away of a part of the charge will often 
take place. 


Gun cotton and other forms of nitrated | 


cellulose are as a rule more difficult to 
detonate than is generally supposed. 


We made the following experiments : 


In a strong wooden chest, lined with 
tin, we placed uncompressed gun cotton 
containing 30 per cent. water, and press- 
ed it as compactly as was possible with- 
out the use of machinery; the chest had 
an interior capacity of + cubic meter and 
held 50 kg. gun cotton, dry weight. 

A piece of compressed gun cotton, 500 
grm. in weight, was placed in this chest, 
in the center of the wet, uncompressed 
gun cotton and detonated; the chest and 
its contents were burst asunder, without 
causing either a partial explosion or a 
combustion of the loose gun cotton. 

A pile of such gun cotton was placed 
on the ground, and a piece of compressed 
gun cotton, 250 grm. in weight, placed on 
it and detonated; no explosion of the 
loose gun cotton took place, although it 
could not avoid the shock of the car- 
tridge. 

We must therefore regard loose, wet 
gun cotton as not belonging to the ex- 
plosives. In one of its forms, as “ col- 
lodion cotton,” it is transported by the 
railroads at ordinary rates, and no dan- 
ger will result to commerce, if compress- 
ed, wet gun cotton—which, so far as its 
properties in this regard are concerned, 
is nothing else than collodion cotton, al- 
though in its use as an explosive it is 
more advantageous—is transported by 
rail under the same privileges as collo- 
dion cotton. In order to make possible 


the fulfillment of the requirements, the 
amount of water now prescribed for col- 
lodion cotton must be reduced for com- 
pressed gun cotton to 25 per cent., as 


water. 

Gun cotton with 25 per cent. water is 
a substance which cannot be exploded by 
any accidents possible on a railroad. 

During the storage at the place where 
the gun cotton is to be used, the car- 
tridges will dry of their own accord, and 
can then be detonated with a primer. 

It will thus be possible to furnish the 
smaller purchasers with a suitable sud- 
den explosive, and farmers, for instance, 
would be greatly benefited thereby, since 
a sudden explosive may be used with ad- 
vantage, to blow up rocks and stumps of 
trees, in the construction of roads and in 
clearing land. 

Uncompressed gun cotton in the dry 
state burns rapidly, explodes even, but 
does not detonate, and can, therefore, as 
is well known, be used as gunpowder. 
The same is true of gun cotton powder. 
It offers, of course, no great resistance to 
the shock of the priming cartridge, nor 
does one portion of the powder to an- 
other. Gun cotton, itself easily detonat- 
ed, if it be not in large, heavy pieces, but 
in small, light ones, will move aside from 
the shock of the detonated priming car- 
tridge, and will be blown away or only 
slightly burned. 

The finer the powder, the smaller and 
lighter the grain, the more is it subject 
to partial explosions and combustion, 
and the larger must be the priming car- 
tridge, and the greater the degree of 
confinement of the charge, to produce 
perfect detonation. 

It is very probable that most forms of 
granulated powder, composed of nitro- 
cellulose in large masses, cannot be 
brought by practicable means to com- 
plete detonation. 

The gun cotton manufactured by us at 
the Walsrode factory behaves differently. 
In the first place, the grains are not too 
porous and light, they have the same 
constitution as the large pieces of pressed 
gun cotton; in the second place, the 
grains are not too small, 6 mm. cube is 
the very smallest size, and we give them 
even, for reasons connected simply with 
the manufacture, the greatest possible 
size, e. g.. about 10x10 mm. in cross-sec- 
tion, 25 mm. in length. 

In the third place, and this is very im- 
portant, the paraffine, used to fill up the 
interstices in the shell, forms with the 














































482 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 








grains a compact mass, which acts as a 
whole exactly like a piece of compressed 
gun cotton. 

In general a 1 grm. primer is sufficient 
for the detonation of this mass, when the 
grains are completely dry; are they wet 
or entirely paraffined, a priming cartridge 
of corresponding weight must be in- 
serted. 

While in the case of wet grains formed 
into a compact mass by inclosing them 
in the shell and filling up with paraffine, 
a priming cartridge 35 grm. in weight 
is sufficient; grains entirely paraffined, 
as we have seen, require a much heavier 
and larger priming cartridge ; indeed, so 
large that it can hardly be applied in a 
shell. In case a 65 grm. priming car- 
tridge is not sufficient, one of 100 grm., 
although it may produce detonation once 
in the experiments described, will not 
always do so with certainty, and combus- 
tion and partial detonations will be un- 
avoidable in case of paraffined grains. 
Moreover, paraffining increases the size 
of the grains and diminishes, therefore, 
their gravimetric density. 

These reasons, in connection with the 
decreased chemical stability, render grains 
entirely paraffined in every way disad- 
vantageous. 

In the case of the dry and the wet 
grains used by us, coated and formed 
into a solid mass by means of paraffine, 
a partial detonation never occurs, even 
when the charge is but very lightly in- 
closed, e. g., in a box of thin tin, as 
shown by our previously described ex- 
periments, and as must be evident from 
the nature of the case. 

It is unavoidable by using grains that 
the weight of the charge is somewhat less 
than when disks of the same specific 
gravity as the grains are used, but our 
experiments have shown that the differ- 
ence in effect of the two kinds of gun 
cotton is not great. 

On the other hand, the filling of shells 
with granulated powder carries with it 
the advantage of much greater strength 
in shells made in one piece over shells 
composed of two parts, or, in case 
strengih of shell is not particularly re- 
quired, the possibility of making the 
walls of a steel shell thinner, or of mak- 
ing the shells of cast iron, even if not six 
calibers long, at least longer than ordi- 
nary shells, since cast iron always fur- 





nishes a sufficiently strong material for 
shells made in one piece. In this way a 
shell will be obtained especially effective 
and at the same time cheap, the only 
means of insuring the employment of 
gun cotton for shells to the greatest, and, 
as.it appears to us, judgiag from its 
limited use, necessary extent. 

Granulated gun cotton has, further- 
more, the valuable property of supplying 
a material proper for all kinds of shells, 
no matter of what caliber or kind. Granu- 
lated gun cotton can be used in all sorts 
of shells. 

The advantage offered by this universal 
explosive, as compared with gun cotton 
disks, which require for every kind of 
shell a different size, need not be dwelt 
upon; the effort to obtain ammunition 
of general application is sufficiently well 
known and regarded as indispensable. 

Moreover, granulated gun cotton will 
permit the supply of steel and cast iron 
shells now on hand, which were designed 
for charging with gunpowder, to be con- 
verted into gun cotton shells, and thus 
give them not only a higher explosive 
power, but also so increase the number 
of pieces resulting from the explosion, 
that their effect must be exceptionally 
great. 

The number of pieces resulting from 
the explosion of artillery projectiles has 
been increased, as is well known, by 
forming the interior core of the shell 
of many parts, which are held together 
by the outer wall of the shell, and also 
by constructing shrapnel; the former 
method can be used in but few kinds of 
shells, and therefore an increase in the 
number of pieces resulting from explo- 
sion, in the case of most of the ordinary 
shells now on hand, is greatly to be de- 
sired. The second method for obtaining 
a large number of pieces by the explo- 
sion, the use of shrapnel, has the disad- 
vantage of requiring a number of special 
kinds of projectiles, and it is well known 
that we would gladly give them up if a 
good substitute could be obtained in some 
form of shell. 

The cast iron shell, filled with granu- 
lated gun cotton, offers, in this respect, 
great advantages, at least for the ammu- 
nition of fortification and siege guns, for 
it is not to be expected that gun cotton 
shells will be introduced in field artil- 
lery. 
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The following experiments present 
some idea of the number of fragments 
obtainable in the explosion of ordinary 
shells. 

We exploded the shells in a space, 
specially constructed for the experi- 
ments, well closed, built of masonry and 
covered on the inside with boards, but 
containing an exit for the gases resulting 
from the detonation, to diminish the ex- 
plosive force, and obtained: 

7 kg., 


> 


From a cast-iron 8.8 cm. shell, weighing 
filled with ordinary gunpowder, 
37 fragments, weighing in toto 6,160 grm. 
Filled with granulated gun cotton, 
200 fragments, each weighing over 10 grm. 
600 " weighing from 1 to 10 grm. 
From an 8.8 cm. steel shell weighing 6,640 grm., 
filled with granulated gun cotton, 
23 fragments, weighing in toto 2,260 grm. 
127 “a “e se 2 865 “e 
150 5,125‘ 
From a cast-iron 15 cm. shell, weighing 27 kg., 
filled with ordinary gunpowder, 
42 fragments. 
Filled with granulated gun cotton, 
376 fragments, each weighing over 10 grm. 
828 weighing from 1 to 10 grm. 


sé “ “< 


A large part of the cast-iron shell is 
broken into very small fragments. Pieces 
less than 1 grm. in weight have not been 
considered in our estimation, although 
they are entitled to consideration, as 
most of them received from the explo- 
sive charge alone so much energy that 
they penetrated boards 25 mm. thick, 
and, evidently, in actual practice against 
troops, some effect would still be pro- 
duced by them. As regards fragments 
over 10 grm. in weight, which have 
sufficient energy for proper effect even 
at considerable distances, the charge of 
granulated gun cotton was nine times as 
effective as the charge of gunpowder— 
certainly a remarkable result. 

Moreover, gun cotton shells, unless 
provided with a slow fuse to delay ex- 
plosion, possess the special property of 
bursting immediately after the first im- 
pact, not after an appreciable time, as is 
the case with gunpowder shells. 

We made the following experiments in 
this connection: 


a. Two targets made of boards 40 mm. 
thick were placed, one behind the other, 
4 m. apart. 


A gun cotton shell pene-| 
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trates the first target and bursts between 
this and the second. 

b. A target of boards, 4 square meters 
in area, was fired at with an 8.8 cm. cast- 
iron shell, in such a way that the shell 
struck the ground 2 m. in front of the 
target. The shell burst before reaching 
the target, which was penetrated by 135 
fragments. 

c. Two targets, as above described, but 
separated by 2 m., were fired at by an 
8.8 cm. powder shell so as to strike the 
center of the targets. 

The shell pierced both targets and 
burst only in rear of the second in an 
earth wall. 

The powder shell had the same per- 
cussion fuse as the gun cotton shell; the 
later bursting of the former cannot there- 
fore be due to the fuse, as heretofore 
always assumed, but to the slower de- 
velopment of the powder gases of the 
charge, as compared to the gun cotton 
gases. 

The property of gun cotton shells of 
bursting in this way at the first moment 
of impact, must give them, in a variety of 
cases, many advantages over gunpowder 
shells, ¢. g., in the destruction of objects 
into which the shell cannot penetrate, 
such as heavy armor or solid masonry, 
when the shell strikes obliquely, in which 
case it will be deflected if charged with 
gunpowder and have no explosive effect, 
and also in case of objects which are so 
easily penetrated that the gunpowder 
shell will burst too late and generally 
behind them, such as gun-carriages, 
caissons and other wagon material. 

By inserting a slow-burning composi- 
tion in the fuse, by which the primer is 
detonated some time after the shock of 
striking, or by means of a time fuse, the 
bursting of the gun cotton shell may be 
delayed for any length of time. This 
delay will be necessary in the case of 
the bombardment of fortifications pro- 
tected by an earth covering, in order that 
the latter may be penetrated before the 
shell bursts. 

From data obtained at the cast-steel 
works of Friedr. Krupp, relating to ex- 
periments with guns and projectiles, we 
quote the following, as they appear to us 
to indicate in what cases a gun cotton 
shell may be of use. 

Gun: 15 em. gun, 35 calibers long. 

Projectiles: 
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Length of #8 ‘ 
Projectiles. beg So ; 
= sue & oo 
Kind. =54| S24 
mm. calibers oe 
Steel armor shell........ 500 3.35 | 51 | 1.5 
Cast-iron ordinary shell. 596° 4 51 | 3.4 
Cast-steel ordinary shell. 670 4.5 51 | 6.2 


Mortars are used for purposes other 
than those for which guns are designed, 
and the projectiles should be constructed 
with this difference in application in view. 
In general, the walls of the mortar pro- 
jectiles may be much thinner than those 
of the projectiles used m guns, since the 
pressures of the gases in the bores of 
the respective pieces are as 1: 2. Mor- 
tars are used exclusively for firing with 
great elevations. 

They are intended: 

1. To remove earthworks. 

2. To fire on troops posted behind 
cover. 

3. To destroy coverings. 

1. In order to remove earthworks 
shells are required which penetrate as 
deep as possible before bursting, which 
hold a large charge and which possess 
the requisite strength, so that the pow- 
der may be consumed as completely as 
possible before the beginning of the ex- 
plosive effect. 

High elevations and percussion fuses, 
the action of which is delayed, must be 
employed. Cast-iron shells are less 
suitable for this purpose, as they must 
necessarily have thick walls, and can 
therefore contain only comparatively 
small bursting charges, and offer, be 
sides, too little resistance to the gases of 
the charge, so that the bursting takes 
place before all the powder is consumed. 
Steel shells are much more effective in 
this case, because they are free from these 
objections. 

If it be not desired to fire with full 
charges in the piece the walls of the steel 
shell may be made very thin. To obtain 
the normal total weight, the length may 
be increased. In this way we arrive at 
shells with great bursting charges, the 
so-called torpedo shells. 

2. Zo fire on troops behind cover 
shrapnel are used. 

3. Destruction of coverings. While 
in firing on earthworks, it is necessary | 
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to delay the action of the percussion fuse, 
in order to obtain great penetration be- 
fore explosion, in firing on coverings it 
is desirable to have the explosion take 
place instantly after striking, because 
otherwise the projectile will burst in as- 
cending are, and the effect of explosion 
for the purpose sought will be lost. As 
is well known, it has not been possible to 
overcome this difficulty. This object can 
hardly be attained in a satisfactory man- 
ner, because, even with the most deli- 
cate fuse, a certain amount of time 
elapses and must necessarily elapse, be- 
tween the striking and and the bursting 
of the shell. 


We deduce from these data the follow- 
ing: 

The armor shells are capable of con- 
taining only a small charge, and the 
effect of even the largest calibered steel 
armor shells, with an initial volocity of 
500 m. and more, obtained by the use of 
brown powder, will not be very greatly 
increased by ever so energetic a bursting 
charge, but still it will be increased, and 
at least clear out the opening produced 
by the shell 

The cast-iron and cast-steel shells con- 
tain a sufficiently large charge to produce 
the requisite effect. 

The torpedo shell is the form most 
suitable for the application of gun 
cotton. 

To remove earthworks the gun cot- 
ton shell is valuabie, as its effect in earth 
is greater than that of the gunpowder 
shell. A delay in the action of the fuse 
is easily obtained. 

To break down coverings the gun 
cotton shell is essential, as it alone can 
attain the object sought, namely, the con- 
dition that the shell must burst in 
striking; the gunpowder shell can never 
attain this object, since its bursting after 
striking must be ascribed, not to the fuse, 
but as first shown in our experiments,* 
to the gunpowder charge. 

Even the cast-iron shells will be con- 
siderably improved by the gun cotton 
charge, since the slight resistance which 
they offer is not detrimental, and the 
thick walls, and consequent smaller 
charge, is not such a great disadvantage, 


* Experiments a, b and c, a few pages preceding. 








COMPRESSED GUN 
considering the much greater energy of 
gun cotton. 

But a steel shell with 
always to be preferred. 

As regards shrapnel, we remark that 
they may perhaps be entirely superseded 
by the cast-iron gun cotton shell, since 
the latter, as our experiments have 
shown, gives as great a number of pieces 
by explosion as shrapnel. 

We repeat that the ordinary cast-iron 
15 em. shell, filled with granulated gun 
cotton, gave 


thin walls is 


376 fragments, each over 10 grm, in weight. 
823 = between 1 and 10 grm. in weight. 

We hope that Mr. Fried. Krupp with 
the extensive means at his disposal in his 
establishment, will soon begin experi- 
ments with gun cotton shells, since it is 
evident that they are capable of at least 
supplying many very delicate wants in 
the effects of explosives. If they can 
offer advantages on account of a differ- 
ence in the trajectory at the target, as 
we have seen to be the case in discussing 
their property of bursting instantly on 
striking, the question of obtaining a 
more energetic charge for shells than 
gunpowder is of the greatest importance, 
even if not in the same degree for all 
kinds of projectiles, and this question 
must come up for solution in the near 
future. 

Should Mr. Krupp undertake the ex- 
periments, we are convinced that he will 
solve this, as he has all other questions 
relating to artillery that have come under 
his notice, in a brilliant manner, and if 
we, with our gun cotton factory, with 
our knowledge of explosives and of gun 
cotton in particular, derived from years 
of experience, can be of any service, we 
are always at his disposal. 

Interesting cases, in which gun cotton 
shells may be used, are found in Major 
Schumann’s work on armored gun car- 
riages, in which it is stated: 


“In England was adopted a method of 
armoring for sea-coast fortifications ac- 
cording to the so-called Sandwich sys- 
tem, a combination of 3 to 5 plates, gen- 
erally 15 to 16 em. thick each, with layers 
of wood between. 

With the latest steel shells, which have 
been so greatly improved, it is to be ex- 


pected that the penetration into the dif- | 
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ferent layers will be sufficient to cause 
them, if charged with sudden explosives, 
to act with disastrous effect on the en- 
tire system. 

The penetration of projectiles in mas- 
sive forged iron armor, 40 to 60 em. 
thick, will evidently be much less. There 
is, however, in case the plates are very 
soft, and therefore little inclined to 
crack, a not unimportant increase of 
effect to be expected from charges of 
sudden explosives, at least in case of 
those shots which strike near the edges 
of the plates. 

The two latest improvements in pro- 
jectiles join hands here. 

The Krupp shells, which are made of 
excellent material and forged under the 
hammer over a mandrel, receive such a 
degree of toughness by this method of 
manufacture that they are stronger than 
solid shot. Their hardness is increased 
to such a degree that a projectile from 
the 15 em. gun, 35 calibers long in the 
bore, for instance, penetrated two plates, 
each 18 em. thick with a layer of wood, 
25 em. thick, between, and showed but a 
single slight alteration, in that the point 
was abraded about 1 mm. 

The second improvement consists in 
the use of sudden explosives in charging 
the shells, the hardness and strength of 
which allow them to penetrate sufficient- 
ly deep in vertical, soft forged iron 
plates, to make use of at least a part of 
the explosive effect of sudden explosives. 
In cases, therefore, where such armor 
plates can be struck with velocities which 
admit of the sufficiently deep penetra- 
tion of such projectiles in soft forged 
iron, to allow sudden explosives to act 
with effect, means will have to be devised 
to prevent this penetration. 

Examples of armor plates which may 
be struck directly are: 

a. Armored ships. 

b. Armored sea-coast fortifications. 

e. Armored turrets in land fortifica- 
tions. 

The Schumann method of construc- 
tion consists in preventing direct impact 
on the armor of land fortifications, with 
armor shells fired from long guns, by 
building the turret in the form of an 
umbrella, the armor plate of which the 
shells cannot strike in a direction per- 
pendicular to the surface. They will 
strike at an acute angle and glance off 
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without effect. The effect of explosion | to detonate after ignition, and by the 
can be the only one that can act, but}combustion in conjunction with the 
this will be too late, as the shell bursts | primer. 
too late, whether it be a gunpowder or a In shells we found the action similar. 
gun cotton shell.” | We believe, moreover, that, by a special 

construction and application of the pri- 

From these constructions of Major | mer, it will be more difficult to cause it 
Schumann it appears that he expects im- | to detonate than to cause dry gun cotton 
portant results from the use of sudden | to burn. 
explosives as a charge for armor shells,| On the other hand, there is no danger 
and we add, in reference to the technical | whatever that, when the dry gun cotton 
construction, the following : begins to burn, the shell will burst before 

In case gun cotton, as a charge for ar- the primer is detonated. 
mor shells, which therefore penetrateinto| It is therefore quite possible to make 
the armor, detonates directly from the|an armor shell, containing wet and dry 
shock of the shell in striking the armor! gun cotton and a primer, but without a 
plate, and this without fuse and without | fuse, burst at the proper time, hence not 
primer—we do not doubt that the dry too early, since the development of the 
priming cartridge will partially burn or flame of dry gun cotton and the trans- 
explode, the only question is, will it de- mission of the flame to the primer will 
tonate in such a way as to cause the wet require a certain amount of time. 
gun cotton to detonate at the same time? We do not know whether this has been 
—then it will detonate before the shell determined by experiments, but it is clear 
has exerted its full energy, hence too that in case of shells which do not pene- 
soon. The development of the detona-|trate into the armor plate, and are not 
tion of gun cotton as compared to that designed to, the relations are much more 
of gunpowder is, as we observed, instan- | favorable. These shells would be pro- 
taneous, and this will be true whether it vided with as great a charge as possible, 
is caused by the primer or by the shock. and witha fuse, of course not aslow one. 

A fuse, even a slow one, in projectiles) The shell will either strike the ar- 
which strike armor plate perpendicular- mor plate at an acute angle and glance 
ly and penetrate into it, will break, hence off—in which case it will burst, contrary 
no effect can be expected from delaying to the view of Major Schumann, quite 
the bursting by making the fuse a slow close to the armor plate—or it will strike 
one. perpendicularly, so that it will be crushed 

In case dry gun cotton is detonated by or flattened, and thus in all cases be de- 
the shock, the bursting of the shell will tonated, and at the proper time for the 
take place too early; in case it does not charge to act with full effect, since it 
detonate, but only takes tire and under- bursts immediately after impact. 
goes partial combustion, it would be) We believe, too, that the Schumann 
possible—by arranging the primer in the armored constructions are not safe against 
shell so that it is not detonated too early the effect of gun cotton shells as they 
by the shock in the bore of the gunand are against gunpowder shells, and that 
cause bursting in the bore—to delay the therefore gun cotton shells will be of 
bursting of the shell, and the events tak- service against all kinds of armored con- 
ing place in the shell would succeed each | structions. 
other as follows: We return to the object of our experi- 

The primer would be detonated by the ments with gun cotton shells, viz., that, 
burning dry gun cotton, and cause that in opposition to the propositions to use a 
part of the dry gun cotton which is not dynamite cartridge, thrown by means of 
yet consumed to detonate. compressed air from the bore of a gun, 

Similar relations may be obtained by and in opposition to many other proposi- 
placing a primer in a piece of dry gun|tions, and the application of apparatus 
cotton, provided with a recess for the|already on hand, to throw projec ctiles 
purpose, and igniting the piece of gun / filled with sudden explosives, in all of 
cotton at any point. Ina large number | which uncommon, complex and very ex- 
of experiments, which we personally con- | pensive apparatus, difficult to transport, 
ducted, the gun cotton was always caused | is required, we propose to fire at great 
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ranges the ordinary shell as a gun cotton | 
shell, specially provided with our mode of 
arrangement, from ordinary guns and 
mortars, with the gunpowder charges 
now in use. We lay particular stress on 
the simplicity of the application of our 
gun cotton shells, and, according to our 
view, we must add that, under all cir- 
cumstances, at least on land, nothing 
should ever be used as a moving force 
for projectiles but the most compendious 
and cheapest source of such power—gun- 
powder. 

Our constructions relate only to the| 
filling of the shells now in use with gun | 
cotton ; no change of material other than 
the charge of the shell takes place ; even 
the weight of the filled shell remains un- 
changed. 

These results we have obtained : 

1. By the manufacture of a special, 
new and effective granulated gun cotton. 

2. By means of a special arrangement 
for filling the shells, viz., by filling out 
the interstices with paraffine. 

3. By the construction of a suitable 
primer. 

We are convinced that the gun cotton 
shell will be of great service, even if it, 
will not accomplish wonders. 


The effect of sudden explosives is over- 
rated; on a small part of a heavy armored 
plate, for instance, one cannot obtain 
nearly the same effect with ever so ener- 
getic a sudden explosive as may be ob- 
tained with a steel shell from a 30 cm. or 


|40 cm. gun, but in the first place there 


are but few such guns, and in the second 
place they cannot be moved about on 
land. On land and in the attack and de- 
fense of fortifications the limit of pro- 
ducing increase in effect by increasing the 


icaliber is soon reached, and nothing re- 


mains but to increase the effect of explo- 
sion, and we believe that shells contain- 
ing sudden explosives will play an im- 
portant part in the future, although they 
will notaccomplish all thatis expected by 
those who overrate the possibilities in the 
case; but just because these shells will not 
work wonders, we are of opinion that the 
sudden explosives must be applied so as 
not to alter the artillery material. 

We submit these lines to the indulgent 
reader with the assurance that, although 
we have said much pro domo, we have 
also endeavored to carry out the experi- 
ments without prejudice and to draw the 
conclusions in the same spirit. 
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From “ The 


In the older treatises on mechanics we 
find the sources of power classified under 
the heads, “ Wind, Water, Steam, Ani- 
mals ;” and, broadly speaking, these are 
still the only sources of power we pos- 
sess. But when we deal more in detail 
with the subject, we find that wind in all 
probability owes its capacity for perform- 
ing work to the sun, while water is ab- 
solutely inert, save as actuated by gravity, 
and steam is of course merely an agent 
by which heat, is converted into work. 
Concerning the methods by which animals 
perform work we are entirely ignorant, 
no physiologist having as yet succeeded 
in tracing the sequence of processes by 
which food is converted into mechanical 
energy. Enough is known, however, to | 
show that the process has nothing in 
common with that by which work is per- 


"power ; 


Engineer.” 

formed by heat engines. So that the 
analogy sometimes drawn between a man 
and a machine must be rejected as far- 
fetched, permissible to the poet, indeed, 
but not to the philosopher. Further- 
more, it is known that the work got out of 
food by men and animals is much greater 
on the whole than can be obtained from 
fuel consumed in the best steam engines. 
That is to say, a man or a horse may be 
more economical sources of energy, in 
one sense, than any machine. Be this as 
it may, it is sufficiently evident that we 
depend for the performance of all the 
work done in the world on two main 
sources of power—heat and vital energy. 
The action of gravity, it is true, causes 
the falling of water, and so gives out 
but the water has to be raised 
before it can fall, and this raising is 
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effected by the heat of the sun, which 
evaporates moisture and so indirectly 
gives us clouds and rain. 

It appears to be not unreasonable that 
men should ask themselves now and 
then if there are no other sources from 
which power may be derived—is there no 
other force of nature that can be made 
the slave of man? The question has 
been put in hundreds of ways, and re- 
mains unanswered. The seekers after 
motive power have been nearly as nu- 
merous and persistent as those who 
wasted their lives in search of the philoso- 
pher’s stone. With the “ perpetual mo- 
tion” man we have no patience, and it is 
perhaps scarcely necessary to point out 
to our readers that we are about to 
speak of something very different indeed 
from the ordinary notion of perpetual 
motion. Inventors who have sought that 
have, for the most part, attempted to get 
something out of nothing; that is, in a 
word, create energy. There is a wide 
difference, however—a great gulf, indeed 
—between this and an attempt to still 
further explore nature’s secrets in search 
of a source of energy—that is to say, of 
work—now unavailable. Now, in dealing 
with this question of sources of energy, 
it seems to be not impossible that a mis- 
apprehension of the nature and bearing 
of the laws of the conservation of energy 
may do a great deal of harm. It may be 
said, for example, that it is quite useless 
to search for a source of energy which 
can be better or more economical than 
what we have now, and much more to 
the same effect. But let us ask ourselves 
what is this law of the conservation of 
energy, on what is it based, and what 
would be the consequences to the uni- 
verse if it did not exist? Such questions 
are very seldom asked, because the num- 
ber of men who are at the pains to think 
for themselves is small. But when they 
are asked, the answer is remarkable. 
There is really no reason at all why energy 
should be conserved, and so far as our 
senses supply evidence, far from being 
conserved it is being profusely wasted 
every day. Of course, if we go a little 
behind the evidence of our senses, we find 
that the waste is only apparent, not real. 
It is much easier, however, to form an 
idea of a universe in which the law of the 
conservation of energy has no existence, 





than it is to realize a fourth dimension | 
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in space, or even the life of the inhabit- 
ants of Flatland. As a help to the reali- 
zation of such a universe, we may point 
to the fact that the sun has been giving 
out energy for millions of years, and that 
there is no reason whatever to think that 
he has lost any portion of his original 
heat. In other words, it is simply im- 
possible to prove that what we call 
energy is not created in the sun. Again, 
let us take gravity. We have here the 
most stupendous force in nature. There 
is no reason to imagine that it is capable 
of degradation. If all the planets fell 
into the sun, gravity would of necessity 
have performed an enormous amount of 
work; but no one can say that after it 
was done gravity would be any the 
weaker. It may indeed be said that the 
law of the conservation of energy has 
only just missed being disproved, if the 
words “ conservation of energy” be used 
in one sense. So far as can be seen there 
is no reason why the line of magnetic 
force should not behave like lines of 


‘electrical force or heat force, and admit 


of being intercepted or stopped. It 
would then suffice to put a permanent 
magnet under one end of a beam, the 
other end of which should be connected 
in the usual way with a crank and fly- 
wheel. Then, by interposing and with- 
drawing a thin intercepting plate at the 
proper intervals, we should have a ma- 
chine which would work steadily until 
it was worn out, without the expenditure 
of one farthing for fuel. In the popular 
sense of the word, we should create 
power; and the perpetual motion men 
would spend their lives in patenting de- 
tails, while the principle would be public 
property. Has any one the least idea 
why magnetic force lines should traverse 
every known material? Can any one as- 
sert that if this was not the case the ex- 
istence of the universe would be impossi- 
ble or even difficult? Can anyone assert 
with certainty that no means will ever be 
found for intercepting or dissipating 
magnetic rays, without expending energy 
in doing so? Finally, is it not possible 
to obtain some idea of the cause of mag- 
netic force from this very peculiarity of 
its behavior? To put an extreme case, 
it may be urged that the law of the con- 
servation of energy being true, it is im- 
possible to intercept a magnetic force 
line. What then is the nature of the 
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force which will comply with this condi- | 
tion? On the other hand, it is possible | 
to intercept a heat, light, or electrical | 
line, and yet the law of the conservation | 
of energy is not interfered with—ergo, | 
magnetic force must possess features | 
which distinguish it from the other forces | 
we have named; from all other forces, | 
indeed, save gravity. One deduction 
seems to be consistent with facts— 
namely, that magnetism and gravity are 
original or primal forces, and that we} 
remaining forces—such as light, heat, and 
electricity—are derived, built-up, or com- 
posite forces. That, in a word, gravity 
and magnetism are elements, while light, | 
heat and electricity are compounds. We, 
speak of light, heat and electricity as | 
“forces ;” perhaps it would be more 
strictly correct to speak of them as 
manifestations of force. But what we 
have written will serve sufficiently well 
to convey our meaning. 

The sum and substance of what we de- 
sire to convey is that there is nothing 


, 
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that mankind may not yet find new 
sources of energy in nature. No one can 
assert positively that it must always be 
impossible to make electricity work for 
us. Ifa man had shown Socrates a lump 
of coal and told him that it could be con- 
verted into work he would have laughed 
at him. Our purpose will be served in 
writing this article if we make our read- 
ers understand that there is as yet at 
least no finality in science. There is no 
reason, for example, to conclude that it 
is absolutely and physically impossible 
that sources of power may yet be dis- 
covered which are not now dreamed of. 
The electricity which now rends the 
forest oak, or brings down the lofty edi- 
fice in a hideous ruin, may yet be taught 
to light our towns. Chemical science 
may give us new reactions which will sup- 


ply large sources of power. The world 
does not yet know everything; and he 


who knows most is least likely to assert 
dogmatically that things which do not 
exist now never can exist in time to 





known which renders it absolutely certain 


come, 
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1. Zo find the difference between the 
specific heats of a substance graphi- 
cally. 

Let K, be the specific heat of a sub- 


stance in foot-pounds at the absolute 








Fig. 36 


temperature 7 for volume constant, and 

K,, the specific heat for pressure constant 

at the same temperature. Draw two iso- 
Vout. XXXV.—No. 6—34 


thermals corresponding to 7 and 1, in- 
definitely near each other, such that 
| T,—T= ArT, and from any point @ in the 
|isothermal rt draw ae parallel to the axis 
lof zx and ab perpendicular thereto; also 
the adiabatics am,, bm,,em,; then will the 
heat absorbed for the path of the fluid 
ab be 


m,abm,=K,. At, 


and the heat necessary to raise the tem- 
perature A 7 along the path ac, the press- 
ure being constant, will be: 


m,acm,=K,,. AT, 


the wltimate values of which will be 


m,abm,=K,dr, 
m,acm,=K,dr ; 
.. m,bem,=(K, —K,)dr. 
But m,bem, is the heat absorbed at 
constant temperature during the expan- 
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sion from 4 to c, which was found to be, 
in a preceding article, page 268, 
dp 
m,bem,=T P dv, 
dr 
which, compared with the preceding 
equation, gives 
=) 
dr} 


dp 


K,—K,=1(“/) ( (1) 


2. Examples. a. Find the difference be- | 
tween the specific heat at constant vol- | 


ume and at constant pressure for perfect 
gases. We have 
pe= Rr; 


; f)=r=e 

nit (7 DE —— 
(2) _R 
at ? 


which reduces equation (1) to 


K,—K,=R="", (2) 


i) 


a well known result. 


6. Find the difference of these specific 
heats for the imperfect gas represented 


by the equation 
a 
pr =Rr—- ne ’ 
We have 
(#).* a p. 2a 
dtl» ‘rv 7 rv" 


& R a 
“)=-+ a So es 
dt p tvp Tt vp 


9 9 
“K,-K,=1(p +) (v+=); 
t TH 


vp 
which reduces to (2) for a=0. 


(3) 


3. Formula modified for liquids and 
solids. 


; lv 
In equation (1) the value of a may 
dt 
be found by direct experiment, but in the 
an ee 
case of liquids and solids , the rate of 
dt 


increase of pressure per unit of tempera- 
ture cannot be readily found; and, gen- 
erally, for such bodies in the atmosphere, 
the pressure may be constant while sub- 
jected to changes in temperature. The 
relation between volume and pressure 
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may generally be approximated to by 
means of the coefficient of elasticity. 
We have generally 


pS (», 7); 
dp 


ba dp ’ 
; ap=(F)a + (S)ar. 


But if p be constant, dp=0, and we have 


for such a case: 
dp dp 
)=([— ) - : 
;' (Fa +(B)ar 
; (2). (2 dv 
ae 7) 


| . . . P . 
| which, substituted in (1), gives: 


| " es dv\? dp 
| -K,-Ke=—1(F) (7) 


| which applies equally well to gases. The 


(4) 


dj 
Y) will be found by ex- 


| . e 
| reciprocal of (5 , 
| a 


| periment. 


4. Evramples. 

«, Applying this to the case of water, we 
first observe that at its maximum densi- 
ty under the constant pressure of the at- 


| dv . — 

| mosphere, hd for which condition 
aT 

| equation (4) gives: 

| 

K.=K,, 


| or, the two specifics of water are equal at 
its maximum density. 

b. Next, find the difference between 
|these specific heats for water at 25° C. 
|=77° F.=538.2° F. absolute. 
| The volume of a pound of water at its 
|maximum density under the pressure of 
|one atmosphere is 0.016 of a cubic foot, 
jand as the coefficient of cubical expansion 
lat 25° C. is 0.00025 per degree Centi- 
| grade, or 0.00014 nearly per degree F. 
lat 77° F., we have: 


e): 
Ut! » 

We will take 0.01605 as the volume of 
/one pound of water at 77° F. under the 
| pressure of one atmosphere The coeffi- 
| cient of compression for one atmosphere 
jis 0.000046; hence the compression for 
| one pound on a square foot will be: 


dv 0.01605 x 0.000046 


dp 2116.3 


| 
| 
| 


(0.016 x 0.00014)? =5x 10-2. 





=10—-? x 350 ; 
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ae 
‘dv 350° 
and equation (4) gives 
K,—K,=538.2 x 3,=7.689, 


which in ordinary heat units, becomes, by | 
dividing by 772, 


k, —k,=0.0099 very nearly. 


| 





| 
5. Ratio of the specific heats. 
ui If at 6 a tangent be drawn to the iso- 
thermal dc, and another to re adiabatic 
bm,, and the isothermal r + A 7 approach 
tT indefinitely, we will a Air te have: 


ae 
tan. abe ab ae 
ee Oe 
tan.abd~ ud” ad 
ab | 


and the areas m,ahim, and m,acm, will | 
ultimately be as ad to ac ; 


ae K, at K 
ad a? K, 


The angle abc is between the tangent 
to the isothermal and the ordinate p, “and 
abd is between the tangent to the adia- | 
batic and the same ordinate. ‘The value 
of this ratio deduced from equation (4) | 
shows that it is dependent upon K,, but | 
phat the ratio of the tangents is constant | 
fOr perfect gases. 


6. A third equation of thermodynamics | 
in which v and p are the independ- 
ent variables. 


Let AcB (Fig. 2) be the ultimate path 


of the fluid; from A let the path, at! 
first, be subjected to the condition that 


tan. abe 


i. tan. abd 


__m,ae mm, 


”. (5) 





m,ubm, 


Y 





N 











the pressure is constant, then will the 
path be parallel to OX, which we call 
horizontal. 





‘It may be reduced to 
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| constant pressure, the increase of tem- 
| perature from A to 6 being dr, while the 
length of Ad is dv, so that 7 is a function 
d 
d.r=( 
¢ 


T 
7, Ae, 


then will the heat represented by MAdm, 
'be K,,d,7. 

At 4 let the path be vertical to some 
point ¢ on the ultimate continuous path, 
for which v will be constant, and if K, 
be the specific heat at constant volume, 
the heat m,dem, will be K,d,7 (the line 
em, is not shown in the figure, and may 
be “supplied by the reader) ; hence, ulti- 
mately, the heat 


|of v, we then write 


| MAbem,=MAem, =dH=K,d,7+K, d,t 


=K, (s tor R(T *) dp, 


which is the differential equation cil 
another form by 


Aas Tr dt 

finding (=) from (1), then (‘ 7 *) from the 
P 

same, substituting and reducing, giving 


{ 


7t JS, (®)\, xe =) 
K,—K, | K,() 0+K (7 4 t 
(6) 


This form may be deduced directly 
| from the two more common for ms, which 
are: 


dH= 


] 
dH=K.dr+ r( ! ao, (7) 
dt 
jH=K dr— () ap (8) 
p dt . 


by multiplying the former by K,, and the 
latter by K, and subtracting ; giving at 
uce, 


Ip dv 

T= _— ao, K (Fao K(7) ¢} . 

If the path of the fluid be an isother- 
mal, it would, at first sight, seem that 
| equation (6) requires a knowledge of the 
‘specific heats in order to find ‘the heat 
‘absorbed, whereas, according to equations 
|(7) and (8) the specific heats disappear 


|for 7 constant. But for 7 constant equa- 
tions (7) and (8) give 
dp ). dp, 


(z )dva—r (5 


at 


dv 
lr 


If K, be the specific heat at | and this, substituted in equation (6), gives 
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E. 











£ 





éu= cK 


=—1(2)ap=r(2 
7 —*(F)ap=r i) * 


which is the same as (6) and (7) for 
constant, showing that the apparent re- 
tention of the specific heats for this par- 
ticular case is only apparent. 


(—K,+K,) ("’) dp 


dt 


7. Other processes. 

In this and the preceding article, the 
passage from A to B has been by three 
different combinations of paths: first, 
by isothermal and vertical lines; second, 
by horizontal and isothermal lines; and, 
third, by horizontal and vertical lines. It 
is evident that other elementary paths 
might be followed, as for instance, an 
isothermal followed by an adiabatic, and 
other combinations with the adiabatic, or 
the right lined paths might be oblique, 
but to make these combinations useful 
their properties must be known, which 
would add greatly to the complexity of 
the analysis ‘without being of any advan- 
tage. 


8. The Second Law. 

We return again to the consideration 
of this much-discussed subject. The 
literature upon this subject shows that 
writers not only differ in the formal state 
ment of the second law of thermody- 
namics, but, unfortunately, are not agreed 
as to what constitutes this law. Some 
even ignore it, and attempt to develop 
the subject from the first law only (like 
Zeuner), while others state the principles 
involved in the subject without dignify- 
ing them as Jaws. Thus, Rankine states 
two laws, and Sir William Thomson gives 
two propositions, the second of which 
depends for its demonstration upon the 
axiom, Jt +s impossible by means of in- 
animate material agency to derive me- 
chanical effect from any portion of 
matter by cooling it below the tempera- 
ture of the coldest of surrounding objects. 
(Math. and Phys. Papers, pp. 178, 179); 
and Clausius states a First Main Prin- 
ciple, a Second Main Principle, and a 
New Fundamental Principle, the last of 
which is contained in the axiom: “A 
passage of heat from a colder to a hot- 
ter body cannot take place without com- 


pensation.”* (Clausius “ Mechanical The- 
ory of Heat,” Browne’s Translation, p. 78.) 
The question arises, What shall the sec- 


ond law be? Shall the two axioms just 
quoted be considered as the second Jaw ? 
They are not unfrequently referred to as 
such. McCulloch in his Mechanical The- 
ory of Heat, page 162, states that Clau- 
sius’ axiom was less obvious than Thom- 
son's, but the latter writer claims that 
“either is a consequence of the other.” 
(Papers, p. 181.) Or, shall we consider 
Rankine’s second law as the only true 
second law? and if so, which of his 
several statements of it shall we accept 
as the valid one? for they are not identi- 
eal, nor do they all cover the same 
ground, Or, shall we consider Thomson’s 
and Clausius’ extension of Carnot’s prin- 
ciple of a reversible cycle as the second 
aw ? 

One or another of these three general 
forms is referred to as the second law, 
but it would be more agreeable to the 
student if the second law were so defined 
as to be generally accepted and recog- 
nized assuch. No philosopher has power 
to compel the acceptance of a principle, 
much less to restrict it a definite order. 
The statements of the founders of a sci- 
ence have great force with their follow- 
ers, but where several investigators are 
engaged in the establishment of a science, 
as in this case, who do not agree in the 
formal statements of the principles upon 
which the science is founded, it belongs 
to others to restate or rearrange those 
principles. The fundamental principles 
of a science should be so simple that 
their truth cannot be seriously ques- 
tioned, and so clearly stated that their 
meaning will be easily apprehended. 
Newton’s three laws of motion are typi- 
cal in this regard. The principles in- 
volved in them were all recognized by 
scholars before his day, but his predeces- 
sors had not so successfully formulated 
them. Writers develop the science of 
Mechanics without special reference to 
these laws, but they have, since Newton's 
day, generally been recognized as con- 


— 





* This axiom is stated in different ways. It was first 
formulated in 1854, Pog. Ann., xciii., and as published 
in the Phil. Mag., 1856, (2), p 86 reads: Heat can never 
pass from a colder to a warmer body without some other 
change, connected therewith, occurriny at the same time. 

As given by Thomson in his Math. and Phys. Papers, 
page 181, it reads: It 1s impossible for a self-acting ma- 
chine, unaided by any external agency, to convey heat from 











one body to another at a higher temperature. 

















taining the essential principles of the 
science, and, in teaching the subject, I 
have been in the habit of drilling the 
student thoroughly upon them. do, if 
this science is to be developed from for- 
mal laws, the latter should be few in 
number and as nearly fundamental as 
possible; and if the necessary principles 
cannot be contained in two laws let more 
be given. 


The first law—the equivalence of heat 
and work—is conceded. The next step 
is to find the amount of heat absorbed 
when work is being done. The external 
work can be measured and some law 
must be established that will enable us 
to determine the internal work, for the 
total heat absorbed will equal the sum 
of the two works. In this general state- 
ment is included the heat which changes 
the temperature. The first step is to 
consider the case of expansion at con- 
stant temperature, for then the energy of 
the substance remains constant, and the 
entire heat absorbed from an external 
source is transmuted into work, external 
and internal. But heat cannot be ab- 
sorbed from an external source, if the 
temperature of the source be less than 
that of the working substance. The axiom 
of Thomson or Clausius (speaking of the 
two axioms as one) lies at the very found- 
ation of this operation—at the very 
foundation of doing work by expansion— 
and for this reason may be called the 
second law in the proper order and as a 
fundamental principle. Although quali- 
tative, it none the less expresses a uni- 
form mode of action. It is often referred 
to as the second law, although neither 
Thomson or Clausius set claim to it as 
such, so far as I have been able to deter- 
mine. Thomson considers it as an axiom 
by means of which he is to prove his 
Proposition II. Clausius states it as a 
New Fundamental Principle by means of 
which he is to establish his Second Main 
Principle. Rankine recognizes it as a| 
principle, but not as a formal law (Steam 
Engine, p. 224); also in the Phil. Mag., 
1865, and Pupers, page 449, he says: 
“Tn an air-engine, under all circumstances 
whatsoever, the heat produced by the 
compression of the air is wholly and un- 
avoidably lost—a principle which is a 
necessary consequence of the fact that 
heat never passes directly from a colder’ 
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The principle is re 
iterated on page 453 of Papers. 

Maxwell says: “The law from which 
Carnot’s principle is deduced has been 
called the Second Law of Thermodynam- 
ics;” and then quotes the axioms of 
Clausius and Thomson, but does not ap- 
pear to be satisfied with the formal word- 
ing, for he suggests that an acquisition of 
the fact will be of more importance than 
any form of words (Maxwell on Heat, p. 

53). While, therefore, this axiom, or 
these axioms, will remain as a recognized 
part of the science—a fuct, as Rankine 
states it, yet, as a general rule, those who 
state a second law include in it a princi- 
ple of measure—a quantitative element. 
Thus, Baynes in his book on Thermody- 
namics, pp. 69-73, after giving Ciausius 
the credit of considering his New Prin- 
ciple as the Second Law, finally gives as 
the Second Law Thomson's generaliza- 
tion of Carnot’s principle. Assuming 
that the above axiom, or axioms, are not 
to be considered as the second law, we 
have sought a wording which might be 
substituted for the numerous other ones, 
and which, instead of antagonizing, would 
harmonize with them, and have thus ar- 
rived at the following: 


Seconp Law or THERMODYNAMICS.— 
When the temperature of a substance is 
maintained constunt while doing work 
by expansion as the effect of heat only, 
the total work, both external and internal, 
equals the heat absorbed by the substance 
while doing such work. 


Or, a little more briefly, when a sub- 
stance does work by expanding at a con- 


| stant temperature, the work done equals 


the heat absorbed. 
The analyst finds the algebraic expres- 

sion for the heat absorbed at constant 
dp 

temperature to be rt dv for the expan- 
aT 

sion dv, then, in accordance with the sec- 

ond law, writes: 


dWant de: 
dr 


rdp 
tf Wu ; 
where W is the total work done. 


The above proposed law is certainly 
correct if 


“ea 
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Q=wKr, 


in which K is the real dynamic specific | 
heat of substance, 7 the absolute tem- | 


perature, w the weight of the substance, 
and Q the quantity of actual heat in it. 
In regard to this relation, Rankine said, at 
the close of his celebrated paper on the 
Geometrical Representation of the Ex- 


pansive Action of Heat: “ Although ex- | 


isting experimental data may not be ade- 
quate to verify this principle precisely, 
they are still sufficient to prove that it is 
near enough to the truth for all purposes, 
connected with thermodynamic engines, 
and to afford belief that it is an exact 
physical law.” (Papers, p. 409; Phil. 
Trans., 1854.) If the sensible heat of 
the substance remains constant during 
expansion, then its direct office will be to 
transform the heat energy absorbed at 
that temperature directly to the work 
done. Or, to put it in the form of a figure, 
the substance will be an agent whose of- 
fice it is to transmit the heat energy com 
mitted to it and deliver its equivalent in 
the form of potential energy to another 
agent. 

‘We now proceed to compare this state 
ment with those of other writers. 

Rankine’s most general law 
transformation of energy is: 

“ The effect of the whole actual energy 
present in a substance, in causing trans- 
formation of energy, is the sum of the 
effects of all its parts.” 

The symbolic expression of this law 
is: 


of the 


> 
a. .av 
dQ 
in which Q is the total actual energy pos- 
sessed by the substance tending to in- 
crease the volume, V the volume of a 
pound of the substance, and P the resist- 
ance operating against the increase of V, 
and equals the intensity of the state V 
to increase. (Proceedings of the Phil. 
Soc. of Glasgow, Vol. IIL, No. 5; PAil. 
Mag., 1853; Papers, pp. 204, 348, 375; 
Prime Movers, p. 309.) 

The same law restricted to heat is 
stated as follows: 

“If the total actual heat of a homo- 
geneous and uniformly hot substance 
be conceived to be divided into any num- 
ber of equal parts, the effect of those 
parts in causing work to be performed 
are equal. 


(9) 





| 
The symbolic expression of the second 


| law is: 


d(du) ,, 
dQ 
(Prime Movers, p. 306.) The same gen- 


eral law restricted to temperature is 
stated as follows: 





(10) 


“If the absolute temperature of any 
|uniformly hot substance be divided into 
luny number of equal parts, the effects of 
those parts in causing work to be per- 
Jormed are equal.” 


This law is expressed algebraically as 
follows : 


eo d (du) ,, 
— "ee 


(Steam Engine, p. 307). The three 
forms just given are essentially the same, 
and their symbolic expressions (9), (10), 
(11), are equivalent; for, as has already 
been shown, (10) and (11) are equivalent 
to 


(11) 


tamQ 4p, 
dt dQ 

The algebraic expressions are understood 
to be the equivalent of the formal state- 
ments of the law, and hence may be used 
to interpret those statements. These 
expressions al] involve the definite idea of 
isothermal expansion. Unfortunately for 
the student .this idea is completely ob- 
scured in the establishment of the ex- 
d(du) 
dQ 
Engine,” p. 306. The author says, “ Let 
unity of weight of a homogeneous sub- 
stance, possessing the actual heat Q. un- 
dergo any indefinitely small change, so as 
to perform the indefinitely small amount 
of work dU.” In order that work be 
performed there must be a change of vol- 
ume, but the law of that change is not 
implied. Indeed, the language, “ any 
indefinitely small change,” leaves the 
student unfamiliar with the subject, free 
to infer that the change may be arbitrary 
and therefore not necessarily restricted to 
an isothermal expansion. But the above 
expression is true only for such expansion, 
and the author has so expressed ‘himself 
in the graphical solution in his “ Steam 
Engine,” page 308, and in the third para- 
graph on p. 310, and also in his Scientfic 
Papers, page 311. This idea being vital 


pression Q by Rankine in his “Steam 
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in the analysis, we are led to consider, in 
the first and second statements above giv- 
en, that the substance is merely an agent 
for transmitting the heat energy absorb- 
ed to another agent of the potential form, 
which form may be visible energy (work), 
or partly visible and partly internal. 

internal excluding change of temperature. 

Since the office of this agent is to cause 
“transformation of energy,” the substance 
should (and in this case must) have its 
energy conserved, which involves the idea 
of a constant temperature. If its own 
energy were increased by the absorption 
of heat, it would not “transmit” all the 
energy impared to it, and if its tempera- 
ture was diminished it would be perform- 
ing another office than that of “ trans- 
mitter.:’ The assertion that “the effect 
is the sum of the effects of all its parts” 
is an assertion not proved, but one which 
appeals to our judgment for assent—and 
one to which assent will generally be 
given. 

In the second statement we detect the 
idea of a uniform temperature in doing 
work in the expression “in causing work 
to be performed,” for the parts may be 
conceived of as not doing the work, but 
simply as the agents for transmitting the 
heat absorbed, which heat does the work; 
and since the energy of the agents—the 
parts—is unimpaired, the total work done 
will equal the heat absorbed. The rea- 
son given by the author for the equal 
parts performing equal effects is “all the 
equal parts are equally cireumstanced;” 
but it may appear more plausible if we 
consider the physical conditions, thus—if 
the substance be homogeneous and _ uni- 
formly hot, and absorbs heat during ex- 
pansion, the velocity with which heat 
travels is so great it will reach all parts 
of a finite mass in sensibly the same time, 
thus preserving a sensibly uniform tem- 
perature in all parts. The real proof of 
the proposition, however, consists in “ the 
agreement of its results with those of ex- 
periment” (Papers. p. 437), and it has 
thus been confirmed in many ways. The 
“work performed” necessarily includes 
all the work done, and so includes in- 
ternal as well as external. 

Granting that our interpretations of 
these two laws are correct, we see no 


good reason for their being stated in such 
an abstract manner as virtually to hide 
their meaning, or, at least, compelling 
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the student to become familiar with the 
subject before understanding the funda- 
mental law. We now proceed to other 
statements. In a paper read before the 
British Association in 1865, Rankine 
wrote as follows : 


“ Seconp Law.— The quantity of energy 
which is converted from one of these 
forms to the other during a given change 
of dimensions and condition in a given 
body, is the product of the absolute tem- 
perature into a function of that change, 
and of the kind and condition of the 
matter of the body.” (Phil. Mag., Oct., 
1865; Papers, p. 427.) A somewhat 
more complete form of this statement is 
in his Steam Engine, p. 309. 

Here, as before, the law of change is 
not assigned, but we recognize in it a 
rather loose but general statement of the 


. Ip ‘ 
algebraic formula tf ade, which, as 
dtr 


before stated, is established on the condi- 
tion of isothermal expansion, and is a 
measure of the heat absorbed at constant 
temperature. It is the value involved in 
our proposed second law. 

Two years later we find another state- 
ment which is still more explicit. In an 
article in Zhe Engineer for June, 1867, 
we find the following : 

“The second law shows to what extent 
the mutual conversion of heat and work 
takes place under given circumstances, 
(Papers, p. 432.) 

“The second law is capable of being 
stated in a variety of forms; the most 
convenient for the present purpose ap- 
pears to be the following: 

“ 70 find the whole work, internal and 
external, multiply the absolute tempera- 
ture at which the change of dimensions 
tukes pluce, by the rate per degree at 
which the external work is varied by a 
small variation of temperature.” (Pa- 
pers, p. 434.) 

Here we have, for the first time, the 
explicit statement that the symbolic ex- 
pression of the second law gives “the 
whole work, internal and external.” Iso- 
thermal expansion is implied in the ex- 


pression “temperature at which the 
change of dimensions takes place,” and 


“the rate per degree at which the exter- 
nal work is varied by a small variation of 
the temperature” is expressed algebrai- 
cally thus: 
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aU dpdv dp 

— = -,— = —-d 

dr dr dr’ 
so that if @W be an element of the whole 
work the above law will be expressed 
symbolically thus: 
dU _ 
—_— 
which is precisely what results from our 
proposed formal statement. 

In the article just referred to is another 
statement of the law, which we do not 
italicize because it is evidently incom- 
plete, its chief object being apparently to 
emphasize one element of the preceding 
statement. It is: 

“The law affects the solution by de- 
ducing the total work, internal and ex- 
ternal, from the manner in which a small 
variation of temperature affects the ex- 
ternal work.” (Papers, p. 436.) Multi. 
plying by the absolute temperature and 
expanding at constant temperature are 
omitted in this statement. 

In the same article is another state- 
ment, as follows: 

“Tf the substance which does work in 
a perfect heat engine receives all the heat 
expended at one fixed temperature, and 
gives out all the heat which remains un- 
converted into work at a lower fixed tem- 
perature, the fraction of the whole heat 
expended which is converted into exter- 
nal work, is expressed by dividing the 
difference between these temperatures by 
the higher of them, reckoned from the 
absolute zero. Now this is, in fact, the 
second law of thermodynamics expressed 
in other words.” (Papers, p. 437). 

This we regard as a somewhat loose 
and unguarded statement of the second 
law, for it does not agree with any of the 
author’s other statements of it. This is 
a mere ratio, while the second law isa 
measure of a quantity—being the heat 
transferred during a definite operation. 
If it be assumed that the entire heat ab- 
sorbed is unity, then will the value of 
this ratio be numerically the same as the 
quantity utilized, but even then the 
idea of the two expressions are by no 
means coincident, for one remains a ratio 
—a mere number—while the other is a 
quantity. It, however, involves the es- 
sence of the second law in the fact that 
it measures the transfer of heat to work 
under the conditions that all the heat is 


aw 





supplied at one fixed temperature, and 
all that is abstracted is at another fixed 
lower temperature. Thereis also the in- 
cidental difference that the last state- 
ment involves a cycle, while the other 
statements involve expansion only—or 
the reverse, but this is not vital, since one 
assumption may be made the consequence 
of the other. To show this, we first cor- 
rect the last definition by inserting after 
the word “zero,” the expression, “and 
the entire heat transferred into work will 
be the product of this ratio into all the 
heat received at the higher temperature.” 
Now the heat received at the fixed tem- 


e *dp 
perature 7 is known to be rf a0 ; 
tf 


hence between the temperatures 7 and 1,, 
the heat transmuted into work will be, 


by the law, 
t™—T, > dp 
f — dv. 
T rf dt ; 


Let 7, approach 7 indefinitely, then ul- 
timately 
T—T,=drT, 


and the preceding expression becomes 


ad; 
dr f P adv, 
dt 
which is a fundamental expression fur the 
heat absorbed for an elementary change 


. dp 
dr. Or, from the expression rs dv we 
dt 


readily deduce the value for the total 
heat transferred, as is well known. The 
last quotation commits Rankine to the 
same idea of the essence of the second 
as that of Maxwell, Clausius and Thom- 
son, which is—such an expression as will 
be a foundation for producing Carnot’s 
cycle. 

We now consider Clausius’ second main 
principle. On page 90 of the “ Mechani- 
cal Theory of Heat,” of the edition of 
1875, translated by Browne, 1879, is the 
following : 

“The second Main Principle of the 
Mechanical Theory of Heat, so far as it re- 
lates to reversible processes, may be ex- 
pressed as follows: Jf in a reversible 
Cyclical Process every element of heat 
taken in ( positive or negative) be divided 
by the absolute temperature at which 
it is taken in, and the differential so 
formed be integrated for the whole course 
of the process, the integral so obtained is 
zero. 
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It follows from this that s 
the perfect differential of a quantity, 
which depends only on the present condi- 
tion of the body, and is altogether inde- 
pendent of the way in which it has been 
brought into that condition. If we 
denote this quantity by S, we may put 





must be 


d 
. Q_as 
T 


dQ=rTdSs.” 


The cyclical process described is known 
as Carnot’s Cycle. The value of dS, given 
later in the work, corresponds with Ran- 
kine’s thermodynamic function ; but the 
first development of it is fora fixed tem- 
perature, and this part of the process cor- 


or 


responds with our formal statement of, 1 
;an engine 


‘worked 


the second law. 

On pages 91 and 92 is another state- 
ment, as follows: 

“Two transformations are produced, a 
transformation from heat into work, and 
a transformation from heat of a higher 
temperature to heat of a lower. The re- 
lation between these two transformations 
is therefore that which is to be expressed 
by the second Main Principle.” ‘This in- 
volves only the principle deducible from 
our proposed second law. Again on 
page 100: 

“Hence the second Main Principle of 
the Mechanical Theory of Heat, which in 
this form may perhaps be called the 
Equivalence of Transformations, &Xc.” 
This, as we have already seen, is the cen- 
tral idea of the second law, but the con- 
text shows that the author used it in a 
broader sense than proposed in our 
statement of the second law, inasmuch as 
he includes in it all the heat absorbed by 
the substance during the change and may 
thus involve a change of temperature. 
But we repeat the fact that the algebraic 
expression for this result is reached by 
first considering an isothermal change in 


which the amount of expansion may be in- | 


definitely small, followed by an indefinitely 
small increase of temperature, as was 
shown in the preceding number of this 
Magazine. There is then no difficulty in 
dividing the most general idea, or state- 
ment of the Second Main Principle, into 
two parts; one the transfer of heat at 
constant temperature, the other the 
change of energy of the substance due 


to absorbing more heat than is necessary 
to maintain the uniform temperature. 
Indeed, the author has treated it in this 


; ; dp 
manner, deducing the expressions tT 
c 


dv it 
dvand —t 4p, considering these as par- 
dt 


tial differentials of Q, then on page 178 
finding the partial differentials of Q de- 
pendent upon a change of temperature 
only, the respective sums of which give 
the total differentials of Q ; or 


dp 
dQ=C,dr+ tI 


Turning now to Thomson’s statement, 
we have, on page 178 of his Mathematical 


'and Physical Papers, the following : 


“Prop. II (Carnot and Clausius). If 
be such that, when it is 
backwards, the physical and 
mechanical agencies in every part of its 
motions are reversed, it produces as much 
mechanical effect as can be produced by 
any thermodynamic engine, with the same 
temperatures of source and refrigerator, 
from a given quantity of heat.” 

On page 179 isanother statement in more 
familiar language, as follows: ‘ Now let 
there be no molecular change or altera- 
tion of temperature in any part of the 
body or, by a cycle of operations, let the 
temperature and physical condition be 
restored exactly to what they were at the 
beginning; the work done by its own 
molecular forees, and the amount by 
which the half vis viva of the thermal 
motions of all its parts is diminished 
vanish ; and we conclude that the heat 
which it emits or absorbs will be the 
thermal equivalent of the work done upon 
it by external forces, or done by it against 
external forces ; which is the proposition 
to be proved.” 

Thomson finds for the heat absorbed 
during an expansion dv at a constant 
temperature, the algebraic expression 


Mdv= Pa. 
lr 


¢ 


in which the factor 7 was determined by 
experiment. This proposition II. is de- 
ducible from our proposed second law, 
and, as we have seen, the symbolic ex- 
pression of the second law is deducible 
from this Prop. II. 

It is unnecessary to consider the state- 
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ments of other writers on this point. 
Any proposed second law that does vio- 
lence to the principles set forth by the 
founders of the science will not be re- 
ceived; and others must judge whether 
our proposed formal statement of this 
law is proper and acceptable. We note 
that the substance, and indeed almost 
our literal statement may be extracted 
from the above second quotation of 
Thomson's, thus: ‘“ Now let there be no 
alteration of temperature in any part 
of the body; the amount by which the 
half vis viva of the thermal motions of all 
its parts is diminished vanish; and we 


conclude that the heat which it emits or 
absorbs will be the thermal equivalent of 
the work done upon it, or done by it; 
which is the proposition to be proved.” 
We do not claim that Thomson intended 
to put the statement in a form such that 
it would be valid when thus dissected, or 
that he even recognized the fact that it 
could be so separated, but our present 
knowledge of the subject renders it per- 
fectly legitimate to do so. It divides his 
statement into two propositions, one ap- 
plicable to expansion or compression, the 
other toan operation making a reversi- 
ble cycle. 





ANALYSIS OF ROTARY MOTION, AS APPLIED TO THE 
GYROSCOPE. 


By MAJOR J. G. BARNARD, A.M. 


After reading most of the popular ex- 
planations of the above phenomenon 
given in our scientific and other publica- 
tions, I have found none altogether satis- 
factory. While, with more or less suc- 
cess, they expose the more obvious fea- 
tures of the phenomenon and find in the 
force of gravity an efficient cause of hor- 
izontal motion, they usually end in de- 
stroying the foundation on which their 
theory is built, and leave an effect to exist 
without « cause; a horizontal motion of 
the revolving disk about the point of sup- 
port is supposed to be accounted for, while 
the descending motion, which is the first 
and direct effect of gravity (and without 
which no horizontal motion can 
place), is ignored or supposed to be en- 
tirely eliminated. Indeed, it is gravely 
stated as a distinguishing peculiarity of 
rotary motion, that, while gravity act- 
ing upon a non-rotating body causes 
it to descend vertically, the same force 
acting upon a rotary body causes 
it to move horizontally. A tendency to 
descend is supposed to produce the effect 
of an actual descent; as if, in mechanics, 
a mere tendency to motion ever produced 
any effect whatever without that motion 
actually taking place. 


Whatever “ mystification” there may | 


be in analysis—however it may hide its 
results under symbols unintelligible save 


take | 


to the initiated, it is most certain that the 
greater portion of the physical phenome- 
na of the universe are utterly beyond the 
grasp of the human mind without its aid. 
The mind can—indeed it meuwst—search 
out the inducing causes, bring them 
together and adjust them to each other, 
each in its proper relation to the rest; 
but farther than that (at least in compli- 
cated phenomena) unaided, it cannot go. 
It cannot fol/ow these causes in all their 
various actions and reactions and at a 
given instant of time bring forth the re- 
sults. 

This, analysis alone can do. After it 
has accomplished this, it indeed usually 
furnishes a clue by which to trace how the 
workings of known mechanical laws have 
conspired to produce these results. This 
clue I now propose to find in the analysis 
of rotary motion as applied to the gyro- 
scope. 

The analysis I shall present, so far as 
determining the equations of motions is 
concerned, is mainly derived from the 
works of Poisson (vide “Journal de 
l'Ecole Polytech.” vol. XVI—Traité de 
Mécanique, vol II, p. 162). Following his 
steps and arriving at his analytical re- 


'sults, I propose to develop fully their 


| 


meaning, and to show that they are ex- 
pressions not merely of a visible phenom- 
enon, but that they contain within them- 





ROTARY MOTIO N, AS 





selves the sole clue to its detiniiinn: | 
while they dispel all that is mysterious or | 
paradoxical, and in reducing it to merely 
a “ particular case ” of the laws of “rotary | 
motion,” throw much light upon the sig- 
nificance and working of those laws. 
Although not unfamiliar to mathemati- 

cians, it may not be uninteresting to those | 
who have not time to go through the long 
preliminary study necessary to enable 
them to take up with Poisson this special | 
investigation, or whose studies in 
mechanics have led them no farther than | 
to the general equations of “rotary 
motion,” found in text books, to show 
how the particular equations of the gyro 
scopic motion may be deduced. 


In so doing I shall closely follow him ; 
making, however, some few modifications 
for the sake of brevity and of avoiding 
the use of numerous auxiliary quantities 
not necessary to the limited scope of this 
investigation. 

The general equations of rotary motion 
are (see Prof. Bartlett’s “ Analytical 
Mechanics,” Equations (228), p. 170): 


t+ »,0,(B— A)=L, 


v, 
dt 


dv 
AG 


C 
B (A —C)=M, 


+v,v,(C—B)=N 





cipal axes Ox, Oy, Oz, 


APPLIED TO THE GYROSCOPE. 


” the above expressions the rotating 
body (of any shape) ABCD, Fig. 1, is 


| supposed retained by the fixed point 


within or without its mass) O. Oz, Oy 
and Oz are the three co-ordinate axes, 


Jixed in space, to which the motion of the 


body is referred. Oz,, Oy,, Oz,, are the 
three principal axes belonging to the 
point O, and which, of course, partake of 
the body’s motion. ‘The position of the 
body at any instant of time is determined 
by those of the moving axes. 

A, B and C express the several 
“moments of inertia” of the mass with 
reference, respectively, to the three prin- 
, N,,M, and L, are 


the moments of the accelerating forces, 


_ Le wee 





and ¥,, Uy, UV. the components of rotary 
velocity, all taken with reference to these 
same axes. 

Like lineal velocities, velocities of rota- 
tion may be decomposed—that is, a rota- 
tion about any single axis may be con- 
sidered as the resultant of components 
about other axes (which may aiways be 
reduced to three rectangular ones): and 
by this means, about whatever axis the 
body, at the instant we consider, may be 
revolving, its actual velocity and axis 
are determined by a knowledge of its 
components ¥,, ¥,, ¥,., about the principal 
axes Ox Oy,Oz,, these components being, 
as with lineal velocities, equal to the re- 
sultant velocity multiplied by the cosine 
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of the angles their several rectangular 
axes make with the resultant axis. 

As the true axis and rotary velocity 
may continually vary, so the components 
VU, Vz, in equations (1) are variable 
functions of the time. 

For the purpose of determining the 
axes Oz,, Oy, and Oz,, with reference to 
the (fixed in space) axes Ox, Oy, Oz, three 
auxiliary angles are used 

If we suppose the moving plane of 2, 
y,, at the instant considered, to intersect 
the fixed plane of xy in the line NN’ and 
call the angle cON=y¢, and the angle be- 
tween the planes ry and x,y, (or the an- 
gle zOz,)=0, and the angle NOx =, (in 
the figure, these three angles are sup- 
posed ac ute at the instant taken) these 
three angles will determine the positions of 
the axes Ox,, Oy,, Oz, (and hence of the 
body) at any instant, and will themselves 
be functions of the time; and the rotary 
velocities v,, v,, v., may be expressed in 
terms of them and of their differential co- 
efficients. 

For this purpose, and for use hereafter 
in our analysis, it is necessary to know 
the values, in terms of ~, 0 and ¢, of the 
cosines of the angles made by the axes 


Ox,, Oy, and Oz, with the fixed axes Oz 
and Oy. 
These values are shown to be (vide 
Bartlett’s Mech., p. 172) 
cos. +,Oz= —sin. 
cos. y,Oz=—sin. 6 cos. p 


6 sin. p 
cos. z,0z= cos. 0 
cos. x,Oy=cos. 6 cos. sin. p 
—sin ¢ cos. @ 
cos. y,Ovy=cos. 6 cos. ¢ cos p 
+sin. 7 sin p 
cos. z,0y=sin. 6 cos. ¢ 


The differential angular motions, in the 
time dt, about the axes Ox,, Oy,, Oz,, will 
be v,dt, v,dt, and v.dt. We may deter- 
mine the values of these motions by ap- 
plying the laws of composition of rotary 
motion to the rotations indicated by the 
increments of the angles 0, m and wp. 

If 6 and gm remain constant, the in- 
crement d/ would indicate that amount 
of angular motion about the axis Oz per- 
pendicular to the plane in which this 
angle is measured. In the same manner 
dg would indicate angular motion about 
the axis Oz, ; while /¢ indicates rotation 
about the line of nodes ON. In using 
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these three angles, therefore, we actually 
refer the rotation to the three axes Oz, 
Oz, ON, of which one, Oz, is fixed in 
space, another, Oz,, is fixed in and moves 
with the body, and the third, ON, is shift- 
ing in respect to both. 

The angular motion produced around 
the axes Ox,, Oy,, Oz,, by these simulta- 
neous increments of the ‘angles m, 0 and 

), will be equal to the sum of the pro- 
ute of these increments by the cosines 
of the angles of these axes, respectively, 
with the lines Oz, Oz, and ON. 

The axis of Oz, for example makes the 
angles 6, 0° and 90° with these lines, 
hence the angular motion v.dt is equal 
(taking the sum without regard to sign) 
to cos. Odib+d@. 

In the same manner (adding without 
regard to signs), 


v,dt=cos. 2,Ozdy + cos. pdO 
and v,dt=cos. y, Ozdy + cos. (90° + p)dé. 


But if we consider the motion about 
Oz, indicated by dq, positive, it is plain 
from the directions in which @ and ¢ are 
laid off on the figure, that the motion 
cos. Ody will be in the reverse direction 
and negative, and since cos.@ is positive 


dy must be regarded as negative, hence 


v.dt=dp—cos. Ody 


The first term of the value of v,dt, cos. 
x, Ozdi [since cos. «,Oz (=—sin.6@ sin. p) 
is negative and di is to be taken with the 
negative sign] is positive. But a study 
of the figure will show that the rotation 
referred to the axis Or,, indicated by the 
first term of this value, is the reverse of 
that measured by a positive increment of 
@ in the second, and hence, (as cos. @ is 
positive,) d@9 must be considered nega- 
tive. Making this change and substitut- 
ing the values given of cos. a,Oz, cos. y, 
Oz, and for cos. (90°+ p),—sin. m, we 
have the three equations 

v,dt=sin. 6 sin. pdis—cos. pdO 

vit=sin. 6 cos. pdy+sin. pdO 
v.dt=dgp—cos. Ody 


(2)* 


The general equations (1) are suscepti- 
ble of integration only in a few particular 
cases. Among these cases is that we con- 


* To panei the introduction of numerous quantities 
foreign to our particular investigation and atedious 
analysis, I have departed from Poisson and substituted 
the above simple method of getting equations (2.), 
which isan instructive illustrction of the principles 
of the composition of rotary motions. 
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sider, viz., that of a solid of revolution 


retained by a fixed point in its axis of 


figure. 

Let the solid ABCD, Fig. 1, be sup- 
posed such a solid, of which Oz, is the 
axis of figure. It will be, of course, a 
principal axis, and any two rectangu- 
lar axes in the plane, through O perpen- 
dicular to it, will likewise be principal. 
By way of determining them, let Oz, be 
supposed to pierce the surface in some 
arbitrarily assumed E point in this plane. 
Let G be the center of gravity (gravity 
being the sole accelerating force). The 
moments of inertia A and Bb become 
equal, and equations (1) reduce to 

Lay 


Cdv.=O 

Adv, —(C—A)v.v,dt=yaMgdt 

Adv, +(C—A)vv.dt=—-yMygdt ) 
in which the distance OG of the point of 
support from the center of gravity is rep- 
resented by y,g isthe force of gravity, M 
the mass and @ and / stand for the co- 
sines #,Oz and y,Oz and of which the 
values are (p. 52) 


a=—sin. Osin.g, %b=—sin. g cos. @. 


The first equation (3) gives by integra- 
tion »,=”, n being an arbitrary constant; 
it indicates that the rotation about the 
axis of figure remains always constant. 

Multiplying the two last equations (3) 
by v, and vz respectively and adding the 
products, we get 


A(v,dv, + vz doy )=yMg(av,—bv, )dt. 


From the values of @ and / above, and 
from those v, and v, (equations 2) it is 
easy to find 


y 


4 d@=d. cos. 6; 


substituting this value and integrating and 
calling / the arbitrary constant 

A(v,) + vr *)=2yMg cos. 0+h. (a) 
Multiplying the two last equations (3), 
respectively, by and @ and adding and 
reducing by the value just found of d. cos. 
6 and of v,, we get 


)+(C—A)nd. cos. 92=O (0d) 


Differentiating the values of a and 4 and 
referring to oyutione (2) it may y seaeny 


(av,—bv, )dt= —sin. 


A(bdv, +adv, 





*See Bartlett's Mech. Equations (225) -_ (118) for 
the values of L, M,N, ; in the case we consider the ex- 
traneous force P (of ec 118) is g: the co-ordinates x',y’ 
of its point of application G (referred to the axes Ov, 
Oy,, Oz),) are zero and z'=OG=y: cosines of a, 8 and 
y are a, band c; hence L,;=0, M,yaMg, N,=— yoMg. 
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be verified (putting for v, its value n) 
that 
db=(vz cos. O—an)dt 
da=(bn—v, cos. O)dt 


and multiplying the first by Av, and the 
second by Av, and adding 


A(v,db + v, da) =An(bv, — av,)dt 
= —And. cos. 0 
Adding this to equation (+), we get 


Ad.(bv, + av,) + Crd. cos. 6=O, the inte- 
gral of which is 


A(bv, + av,) + Cn cos. O=1(/ being an ar- 
bitrary constant). (ec) 


Referring to equations (2) it will be found 
by performing the operations indicated, 
that: 

dy’ 


dt? 


de’ 

at 
dip 
dt 


in equations 


*+v,"=sin.’6 


bv, + av, =—sin.’6 
Substituting these values 
(a) and (c), we get 
/, 


. d ’ 
Cn. cos.0—A sin =] 
( 


d?? 
+ 7 

If, at the he of motion, the axis of 
figure is simply deviated from a vertical 
position by an arbitrary angle a, in the 
plane of az, and an arbitrary ‘velocity n is 
imparted about this axis alone; then vz 
and v, will at that instant be zero, 0=a, 
and the substitution of these values in 
equations (a) and (c) will determine the 
values of the constants J and h. 


A(sin. oor 4 


; )=2Mgy cos. O+/ 


h=—2Mgy cos. a 
l=Cn cos. a, 


which, substituted in the above equations, 
make them 


dip _On 


sin. os 


} 
(008 49—cos. a) 


dy’ a 


2Mgy 
dé * de 


A 
(cos. —cos. a) 


(4) 


sin.’0 — 


These together with the last equation 
(2) which may be written, (substituting 
the value of v, ) 


dp=ndt + cos. Odip 
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will (if integrated) determine ‘iis three 
angles g, 6 and 7 in terms of the time ¢ 
They are therefore the differential equa- 
tions of motion of the gyroscope. 

Let NEF’, (Fig. 1,) be a section of the 
solid by the plane x, y,. This section may 
be called the eguutor. E being some fixed 
point in the equator (through which the 
principal axis Or, passes), the angle ¢ is 
the angle EON. 

If N is the ascending node of the equa- 
tor—that is, the point at which E in its 
axial rotation rises above the horizontal 
plane, the angle g must increase from N 
towards E—that is, dp (in equation 5) 
must be positive and (as the second term 
of its value is usually very small com- 
pared to the first) the angular velocity 
must be positive. That being the case 
the value of dp will be exactly that due 
to the constant axial rotation ndt, aug- 
mented by the term cos. (dy, which is 
the projection on the plane of the equa- 
tor of the angular motion dy of the node. 
This term is an increment to ndt when it 
is positive, and the reverse when it is 
negative. In the first case, the motion of 
the node is considered retrograde—in the 
second, direct. 

The first member of the second equa- 
tion (4) being essentially positive, the dif- 
ference cos. 6—cos.a must be always 
positive—that is, the axis of figure Oz, 
can never rise above its initial angle of 

h 

As a consequence = [in 
first equation (4)] must be always posi- 
tive. The node N, therefore, moves al- 
ways in the direction in which ¢ is laid off 
positively, and the motion will be direct 
or retrograde, with reference to the axial 
rotation, according as cos. 0 is negative 
or positive—that is, as the axis of figure 
is above or below the horizontal plane. In 
either case the motion of the node in its 
own horizontal plane is always progress- 
ive in the same direction. If the rotation 
m were reversed, so would also be the 
motion of the node. 


elevation a. 


If this rotation n is zero, “must also 
be zero and the second equation (4) re- 
duces at once to the equation of the com- 
pound pendulum, as it should. Elimi- 


ip 


nating <7; between the two equations (4) 


we get 
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de? 


at 


- 


(cos. @—cos. a)](cos. O—cos. a). 


C*n’? 


[sin. 


The length of the simple pendulum 
which would make its oscillations in the 
same time as the body (if the rotary 


g . . A 
velocity 2 were zero) is——— If we call 


* 
My 
this A 


for 
C*n* 2? 
2A* g 7 “Hh 


and make simplicity 


-the above equation becomes 


9 
= ~4 [sin.’A—2 3? (cos.6—cos.a) | 


(6) 


A? 
sin.”"6—— 
dt’ 

(cos. 9@—cos. a) 


and the first equation (4) becomes 


sin.0“! 94/4 (cos.8—cos.a (7) 
dt r 
Equation (6) would, if integrated, give 
the value of @ in terms of the time; 
that is, the inclination which the axis of 
figure makes at any moment with the ver- 
tical ; ; while eq. (7) (after substituting the 
ascertained value of @) would give the 
value of ¢ and hence determines the pro- 
gressive movement of the body about the 
vertical Oz. 

These equations in the above general 
form, bave not been integrated ;f never- 
theless they furnish the means of obtain- 
ing ail that we desire with regard to 
gyroscopic motion, and in particular that 
self-sustaining power, which it is the par- 
ticular object of our analysis to explain. 

In the first place, from eq. (6), by put- 


ting aC equal to zero, we can obtain the 
( 


maximum and minimum values of 8. 
This diff. coefficient is zero, when the 
factor cos. 0Q—cos. a=0, that is, when 0 
=a; and this is a maximum, for it has 
just been shown from equations (4) that 
6 cannot exceed a. It will be zero also 
and 6 a minimumt when 
sin.?9 —2(cos. O—cos. a)=0 

or co0s.6=— f*+ 4/1 +2f'cos. a+ f* (8) 
-_ “* The he length of the simple pendulum is (see Bartlett’ s 


Mech., p. 252) A= —. inertia 


The moment of 


A 

= Wy 2-y2); ——— =A, 
A 1(x,?+-y2); hence My 

+The integration may be effected by the use of 
elliptic functions; but the process is of no interest in 
this discussion. 

¢It is easy to show that this value of @ belongs to an 
actual minimum; but it is scarcely worth while to in- 
troduce the proof. 





ROTARY MOTION, AS APPLIED TO THE GYROSCOPE. 


503 





(The positive sign of the radical alone 
applies to the case, since the negative one 
would make 6 a greater angle than a) 

It is clear that (a being given) the 
value of 6 depends on /f alone, and that 
it can never become zero unless / is zero; 
and as long as the impressed rotary veloc- 
ity » is not itself zero (however minute it 
may be), / will have a finite value. 

Thus, however minute may be the 
velocity of rotation, it is sufficient to pre- 
vent the axis of rotation from falling to 
a vertical position. 

The self-sustaining power of the gyro- 
scope when very great velocities are giv- 
en 7s but an extreme case of this law. 
For, if 6 is very great, the small quantity 
1—cos.’a2 may be subtracted from the 
quantity under the radical (eq. 8) without 
sensibly altering its value, which would 
cause that equation to become 


cos. 9=cos. a 


That is, when the impressed velocity x, 
and in consequence f is very great, the 
minimum value of 6 differs from its max- 
imum a by an exceedingly minute quan- 
tity. 

Here then is the result, analytically 
found, which so surprises the observer, 
and for which an explanation has been so 
much sought and so variously given. 
The revolving body, though solicited by 
gravity, does not visibly fall. 

Knowing this fact, we may assume 
that the impressed velocity is very 
great, and hence cos. @—cos. a exceed- 
ingly minute, and on this supposition, 
obtain integra!s of equations (6) and (7), 
which will express with all requisite accu- 
racy the true gyroscopic motion. For 
this purpose, make 


A@=a—u, d0=—du 


tremely minute, and is the angular de- 
scent of the axis of figure below its initial 
elevation. 

By developing and neglecting the 
powers of uw superior to the square, we 
have 


sin.? O=sin.?a—wu sin. 2a+u’? cos. 2a* 





* By Stirling’s theorem, 


2 
f w=U+U'S+0"S 


i &e., 

different coefficients when u is is made zero. 
Making / (u)=sin.? (a—w), and recollecting that sin. 

2Qu=2 sin. ucos.u and cos. 2u=cos.*u—sin*u, we get 


in which U, U’,U” &c. are the values of / (wu) and its | be at 90° therefrom, 


cos. 9—cos, a=u sin. a—}u’ cos. a 
substituting these values in eq. 6, we 
get 


V a= - du _f 


/ 2u sin.a—u’(cos. a+4/*) 
f£ having been assumed very great, cos. a 
may be neglected in comparison with 4” 
and the above may be written 


du 


2u sin. a—4f°u? 


/q 
Vv Sat= (d) 


Integrating and observing that u=o, 
when t=o, we have 

/2. ‘= . ar ee ae “4 

ny 2/ { 

(See Appendix, Note A.) 

sin.a . JQ. 
=>—- 1—cos. 2/4 g 

ap ( ced. 4) 
2 


or, (since cos. 24a=1—2'sin.’ a) 


u 


- : /Q 
u==—;SiN. asin. "BY I 4 
26 x 


(9) 
Putting a—v in place’ of 6 (equat. 7) 
neglecting square of u, we get 

dy _1 g 
dt ~ BY Xx 
(See Appendix, Note 


sin.” py ‘.t (10) 


B.) 


from which, observing that 7+>=0, when 


2==0 


1 lg 1 g 
w——A/ « ——— 9 AA 
I apt eae Yc sin. (2 A 1") (11) 


These three expressions (9), (10), (11), 
represent the vertical angular depression 
—the horizontal angular velocity—and 
the extent of horizontal angular motion of 
the axis of figure after any time ¢.t 


the value of sin.?@; and making /(w)=cos.(a—u)—cos.a 


in which the new variable u is always ex- | the value in text of cos. @—cos. a is obtained. 


+ Eq. 6 may be written 
A de 208. 6—Ccos. 
=_ ae =2(cos. @—cos. a)—4p2 C08: 6 - ao 
g dt sin.?6. 
By substituting the values just found of dé, sin.2 6 
and cos. @—cos a and performing the operations indi- 
eated, neglecting the higher powers of u, (by which 


208. @—cos. a)? : : 
a 7 —reduces simply to uw?) and deducing 
sin. . 


a)? 


the value 4 ‘Lat, the expression in the text is ob- 


| tained. 


¢t The assumption that »=0 when ¢ is zero supposes 
that the initial position of the node coincides with 
the fixed axis of z. In my subsequent illustra- 
tions and analysis I suppose the initial position to 
which would require to the 
above value of 3%, the constant 447 to be added. The 
horizontal angular motion of the axisof figure is the 
same as that of the node. 
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The first two will reach their respect- 


. . . . . G 
ive maxima and minima when sin. ays t 
/ 


=1 and =0; or when t=s5V and t= 


x /r\_ 
= 4/4 
ite 
These values of ¢ in equation (11) give 
a 
ys =—— 
t= 7p 
Hence, counting from the commence- 
: dip 
ment of motion, when ¢, Ua, and 7 are 
¢ 


all zero, we have the following series of 
corresponding values of these variables 
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found, they being recurring functions of 
the time. 

We see, then, the revolving body 
does not, in fact, maintain a uniform un- 
changing elevation, and move about its 
point of support at a uniform rate, (as it 
appears to do). But the axis of figure 
génerates what may be called a eurru- 
gated cone, and any point of it would de- 
scribe an undulating curve (Fig. 2) whose 
superior culminations a, a’, a”, &e., are 
cusps lying in the same horizontal plane, 
and whose sagittae cd, c’b’,&c., are to the 
sin.a 7. 
Be tap 
sin.a : 2. If the initial elevation a is 90°, 
this ratio is as the diameter to the circum- 
ference of the circle: a property which in- 


amplitudes aa’, a’,a” &c., as 


dicates the eycloid. 
Assuming a=-90° and sin. a=1, equa- 
tions (9) and (10) will give, by elimination 


= 
of sin.’ /4/ ot 


mw /d- 
Os u 


2pY o 


Ty = = 


‘ dtp r 


yr 





dt=_ ap 


26 MA ‘ Us, 


which correspond to the moment of'great- | 


: dip ina ; pee 
est depression, when uw and 4 are maxima dy —~92 py/4 a 
¢ dt A 
and 7 
substituting this value in eq. (d), we get 
2hudu 


= —— —= 
when, it appears (~ being the zero), the| V 2u— 4/°u' 1 
axis of figure has regained its original | 2/3 
elevation and the horiz velocity is| - . , ; 
m the Rontsental veloaiy 8 | the differential equation of the cycloid 


caatzoyed. | generated by the circle whose di ter i 
All these values are (owing to the as-|© ‘ ee eee Oe 


sumed large value of /) very minute. If} — 
we suppose the rotating velocity n=100 | 2A" . _ : 
z or 100 revolutions per second, the | In this position of the axis, both the 
maximum of u (with an instrument of or- | #2gles uv and + are arcs of great circles 
dinary proportions) would be a fraction | described by a point of the axis of figure 
of a minute of arc, and the period of un- | #t @ units distance from O, and owing to 
dulation but «# fraction of a second. |their minuteness may be considered as 

Hence the horizontal motion about the | rectilinear co-ordinates. 1 
point of support will be exceedingly slow | . ° : om. 8 
compared with the axial sihelien of the | ~ mot OF, Oe age be= 
disk expressed by n. ‘sin. a; but then, while the angular 

If, in equations (9) and (10), we in-| motion 7 is the same, the are described 
crease ¢ indefinitely we will have but a} by the same point of the axis will be that 
repetition of the series of values already ' of a small circle, whose actual length will 


w fa 
t=— YW —, u= 


F th gad 
BY g dt 


=0, ¢ my: 


udu 


| 
2 | 
| 
| 


uu 
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likewise be reduced in the ratio of 1 : sin.a. 
The curve is therefore a cycloid in all 
circumstances; and the axis of figure 
moves as if it were attached to the cir- 
cumference of a minute circle whose diam- 


eter is sin. a, which rolled along the 


1 
2° 
horizontal circle, a a’ a’’, about the verti- 
cal through the point of support. 

The center e of this little circle moves 
with uniform velocity. The first term of 
the value of ¢% (equation 11) is due to this 
uniform motion; it may be called the) 
mean precession. 

ihe second term is due to the circular 
motion of the axis about this center, and 
combined with the corresponding values 
of u, constitutes what may be called the 
nutation. 

These cycloidal undulations are so min- | 
ute—succeed each other with such rapid- 
ity (with the high degreees of velocity | 
usually given to the gyroscope), that they 
are entirely lost to the eye, and the axis | 
seems to maintain an nvarying elevation | 
and move around the vertical with a uni- 
form slow motion. 

It is in omitting to take into account 

these minute undulations that nearly all | 
popular explanations fail. They fail, in 
the first place, because they substitute, in 
the place of the real phenomenon, one 
which is purely imaginary and inexplica- | 
ble, since it is in direct variance with fact 
and the laws of nature ;—and they fail, 
because these undulations—(great or 
small, according as the impressed rota- 
tion is small or great) furnish the only 
true clue to an understanding of the sub- 
ject. 
. The fact is, that the phenomenon ex- 
hibited by the gyroscope which is so 
striking, and for which explanations are 
so much sought, is only a particular and 
extreme phase of the motion expressed 
by equations (6) and (7)—that the self- 
sustaining power is not absolute, but one 
of degree—that, however minute the axial 
rotation may be, the body never will fall 
quite to the vertical ;—however great, it 
cannot sustain itself without any depres- 
sion. 

[have exhibited the undulations, as they 
exist with high velocities—when they be- 
come minute and nearly true cycloids ; 
with low velocities they would occupy 
(horizontally) a larger portion of the are 
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| elements of the undulations. 
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of a semi-circle, and reach downward ap- 
proximating, more or less nearly, to con- 
tact witb the vertical; and, finally, when 
the rotary velocity is zero, their cusps are 
in diametrically opposite points of the 
horizontal circle, while the curves resolve 
themselves into vertical circular ares 
which coincide with each other, and the 
vibration of the pendulum is exhibited. 
All these varieties of motion, of which 
that of the pendulum is one extreme 
phase and the gyroscopic another, are 
embraced in equations (6) and (7) and 
exhibited by varying # from 0 to high 
values, though (wanting general in‘egrals 
to these equations) we cannot determine, 
except in these extreme cases, the exact 
The mini- 
mum value of 6 may, however, always be 


| determined by equation (8). 


If we scrutinize the meaning of equa- 
tions (6) and (7), it will be found that 
they represent, the first, the horizontal 
angular component of the velocity of a 
point at units distance from O, and the 
second the actual velocity of such point.* 
For not and 
dt 


dé 


dt 
ity. Caliing the first v,, and the second 
v,, and the resultant v,, and calling cos, 
@—cos. a (which is the true height of 
fall), A, those equations may be written 
Cn h 

A sin. 0 


is the horizontal, 


the vertical, component of this veloc- 


YyA= 


(e) 


(7) 


(v," + v)=v= 2h 


This velocity v, (as a function of the 
height of fall) is exactly that of the com- 
pound pendulum,and is entirely independ- 
ent of the axial rotation n. Hence (as 
we might reasonably suppose) rotary 
motion has no power to impair the work 
of gravity through a given height, in gen- 





*In more general terms equations(4) express the first, 


| that the moment of the quantity of molion about the 


fixed vertical axis Oz renains always constant; the 


| second that the living forces generated in tne body 


(over and above the inpressed axial rotation) are ex- 
actly what is due to gravity through the hesght, h. 

Both are expressions of truths that might have been 
anticipated ; for gravity cannot increase the moment 
of the quantity of motion about an avis parallel to itself; 
while its power of generating living rorce by working 
through a given height, cannot be .mpaired. 

Had we considered ourselves at liberty to assume 
them, however, the equations might have been got 
+ hout the tedious analysis by which we have reached 
them. 
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erating velocity ; but it does have power 
to change the direction of that velocity. 
Its effect is precisely that of a material 
undulatory curve, which, deflecting the 
body’s path from vertical descent, finally 
directs it upward, and causes its velocity 
to be destroyed by the same forces which 
generated it. 

And it may be remarked, that, were the 
cycloid we have described such a material 
curve, on which the axis of the gyroscope 
rested, without friction and without rota- 
tiun, it would travel along this curve by 
the effect of gravity alone (the velocity 
of descent on the downward branch carry- 
ing it up the ascending one), with exuct/y 
the same velocity that the rotating disk 
does, through the combined effects of 
gravity and rotation. 

Equaticn (a) expresses the horizontal 
velocity produced by the rotation. 

If we substitute its value in the second 
we may deduce 


ort = V7 2, Cn kh’ 


“A? sin,0 


If we take this value at the commence- 
ment of descent, and before any horizon- 
tal velocity is acquired (making / indefi- 
nitely small), the second term under 
the radical may be neglected, and the 
first increment of descending velocity be 


29 ; 
comer 4/ “Op, precisely what is due to 


gravity, and what it would be were there 
no rotulion. 

Hence the popular idea that a rotat- 
ing body offers any direct resistance to a 
change of its plane, is unfounded. It re- 
quires as little exertion of force (in the 
direction of motion) to move it from one 
plane to another, as if no rotation existed; 
and(as a coro: lary) as little expenditure of 
work. 

But deflecting forces are developed, by 
angular motion given to the axis, and nor- 
mal to its direction, which are very sen- 
sible, and are mistaken for direct resist- 
ances. If the extremity of the axis of 
rotation were confined in a vertical circu- 
lar groove, in which it could move with- 
out friction; or if any similar fixed resist- 
ance, as a matarial vertical plane, were | 
opposed to the deflecting force, the rotat-| 
ing disk would vibrate in the vertical 
plane as if no rotation existed. Its equa- 


adie pendalum, © = 29, What 


then is the resistance to a change of plane 
of rotation so often alluded to and de- 
scribed. A misnomer entirely. 

The above may be otherwise estab- 
lished. If in equations (3) we introduce 
in the second member an indeterminate 
horizontal force, g’, applied to the center 
of gravity, parallel to the fixed axis of y, 
and contrary to the direction in which, 
in our figure, we suppose the an- 
gle to increase, the projections of this 
force on the axes Ox,, Oy,, will be a’ g’ 
and 5’ g’ and the last two of these equa- 
tions will become (calling cosines x, Oy 
and y,Oy, a’ and 0’,) 


Adv,—(C—A) nv, dt=yM(ag+ a'y’)dt 
Advz + (C—A)nv,dt=—yM(by + b’g’)dt 
Multiplying the first by v, and the second 
by v, and adding 


A(v,dv,+v dv, )=yM[g(av,—bvz )dt+9’ 
(a’ v, —b'vz dt} 


But (av,—dvz )dt has been shown (p. 53) 
to be =d.cos.6,—and by a similar process 
it may be shown that (a'0,—b'vz )dt=d. 
(sin. 6 cos. %). (For values of a’ and b’ 
see p. 52.) 

Let us suppose now that the force g’ 
is such that the axis of the disk may be 
always maintained in the plane of its ini- 
tial position az. The angle ¢ would al- 
ways be 90°, dy=-0, and d(sin. 6 cos. 4) 
=0. That is, the co-efficient of the new 
force yg’ becomes zero; and the integral of 
the above equation is as before (p. 54), 


A(v,? + vz*)=2yMg cos. 0+h. 


But the value of v,?+ vz" likewise re- 


duces (since? =0) ea and the above 


becomes the equation of the compound 
df _2yM¢9, _ 29 
d= A 8 6+h= 1 
(cos. 6—cos. a), (A being determined.) 
This is the principle just before an- 
nounced, that, with a force so applied as 
to prevent any d- flection from the plane in 
which gravity tends to cause the axis to 
| vibrate, the motion would be precisely as 
if no axial rotation existed. 
To determine the force of g’; multiply 
the first of preceding equations by 3, 





pendulum (g) 





tion of motion would become that of the 


and the second by a, and add the two, 
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and add likewise A(v,dh+v,da=—A nd 
cos. 6 (see p. 54), and we shall get 


Ad(bv,+avz)+C nd cos. =yMg’ 
(a’b—ab’)dt. 


By referring to the values of a,a’,b,6’, and 
performing the operations indicated and 
making cos. =o, sin. ~=1, the above 
becomes, 


Ad(bv, + avy )+C nd cos. d=yMg’ 
sin. 6 dt. 


But the value of (v,+av,) (p. 54) be- 
lif 


dub 
comes zero when ane Hence, 
€ 


Cn dé 


,_. Cnd cos. 6 
yM at * 


7 = M sin. 0 dt—~— 
the 


The second factor ned is angular 


dt 
velocity with which the axis of rotation is | 
moving. 

Hence calling v, that angular velocity, 
the vilue of the deflecting force, g’ may 
be written (irrespective of signs), 

Pesce nv 
gj =— Nr, 
a=” 





(A) | 





507 





fixed at the point O, and acted upon, at 
the center of gravity, by two forces— 
one of gravity constant in inten- 
sity and direction—the other, the d+flect- 
ing force due to an axial rotation n, whose 
yM 
nv,, and whose direction is always normal 
to the plane of motion of the axis; we 
ought, introducing these forces, and mak- 
ing the axial rotation n zero, in general 
equations (3), to be able to deduce there- 
from the identical equations (4) which ex- 
press the motion of the gyroscope. 

This I have done; but as it is only a 
verification of what has previously been 
said, I omit in the text the introduction 
of the somewhat difficult analysis. 

(See Appendix, Note UV.) 

Equation (5) becomes (in the case we 
consider), by integration; 


variable intensity is represented by 


p=nt+y cos. a 


which, with the values of « and + already 
obtained, determines completely the 
position of the body at any instant of 
time. 

Knowing now not only the exact 


sy gel ; ; ‘nature of the motion of the gyroscope, 
that is, it is directly proportional to the but the direction and intensity of the 
axial rotation n, and to the angular forces which produce it, it is not difficult 





velority of the axis of that rotation. By 
putting for C,MA’ (in which & is the dist- 
ance from the axis at which the mass M, | 
if concentrated, would have the moment 
of inertia, C,) the above takes the simple 


form 
2 


g = —nv,. 
In the case we have been considering , 
above, in which g’ is supposed to coun- | 
teract the deflecting force of axial rota- 
dA 

r— — 
rT dt 


(equation ¢) is equal to4/ %cos 6—cos. a) 


Bu‘ in the case of the sree motion of 
the gyroscope, this deflecting force com- 


tion, the angular velocity v, 





bines with gravity to produce the ob-, O 


served movements of the axis of figure. | 
If, therefore, we disregard the axial ro- 
tation and consider the body simply as 








* The effect of gravity is to diminish @ and the in- 
crement dé is negative in the case we are considering. 
Hence the negative sign to the value of g’, indicatin 
that tbe force is in the direction of the positive axis o 
y. as it should, since the tendency of the node is to 
move in the reverse direction. { 


to understand why such a motion takes 
place. 

Fig. 1 represents the body as supported 
by a point within its mass; but the anal- 
ysis applies to any position, in the axis of 
figure, within or without; and Figs. 3 
and 4 represent the more familiar cir- 
cumstances under which the phenomenon 
is exhibited. 

Let the revolving body be supposed 
(Fig. 3, vertical projection), for simplici- 
ty of projection, an exact sphere, sup- 
ported by a point in the axis prolonged 
at O, which has an initial elevation a 
greater than 90°. Fig. 4. represents the 
projection on the horizontal plane zy; 
the initial position of the axis of figure 
(being in the plane of xz) is projected in 


x. 
Ox, Oy, Oz, are the three (fixed in 
space) co-ordinate axes, to which the 
body’s position is referred. 

In this position, an initial and high 
velocity x is supposed to be given about 
the axis of figure Oz,, so that the visible 
portions move in the direction of the 
arrows 6, b', and the body is left sub- 
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ject to whatever motion about its point 


of support O, gravity may impress upon | 
it. Had it no axial rotation, it would im- 
mediately fall and vibrate according to| 
the known laws of the pendulum. In-| 
stead of which, while the axis maintains | 


(apparently) its elevation a, it moves 
slowly around the vertical Oz, receding 
from the observer, or from the position 
ON” towards ON. 

It is self-evident that the first tendency 
(and as I have likewise proved, the first 
effect) of gravity is to cause the axis Oz, 
to descend vertically, and to generate 
vertical angular velocity. But with this 
angular velocity, the deflecting force pro- 
portional to that velocity and normal to 
its direction, is generated, which pushes 
aside the descending axis from its verti- 
cal path. But as the direction of motion 
changes, so does the direction of this 
force—ulways preserving its perpendicu- 
larity. It finally acquires an intensity 
and upward direction adequate to neu- 
tralize the downward action of gravity ; 
but the acquired downward velocity still 
exists and the axis sti// descends, at the 
same time acquiring 2 constantly increas- 





ing horizontal component, and with it a 
still increasing upward deflecting force. 
At length the descending component of 
velocity is entirely destroyed—the path 
of the axis is horizontal; the deflecting 
iforce due to it acts directly contrary to 
| gravity, which it exceeds in intensity, and 
hence causes the axis to commence rising. 
This is the state of things at the point 6 
(Fig. 2). The axis has descended the 
curve ad, and has acquired a velocity due 
| to its actual fall ad; but this velocity has 
| been deflected to a horizontal direction. 
| The ascent of the branch ba’ is precisely 
| the converse of its descent. The acquired 
| horizontal velocity impels the axis hori- 
| zontally, while the deflecting force due to 
it (now at its maximum) causes it to com- 
|mence ascending. As the curve bends 
upward, the normal direction of this force 
opposes itself, more and more to the hor- 
|izontal, while gravity is equally counter- 
| acting the vertical velocity. As the Aori- 
zontal velocity at 4 was due toa fall 
through the height «ad, so, through the 
medium of this deflecting force, it is just 











capable of restoring the work gravity had 
expended and /ifting the axis back to its 
original elevation at a’, and the cycloidal 
undulation is completed, to be again and 
|again repeated.and the axis of figure, 
performing undulations too rapid and too 
minute to be perceived, moves slowly 
around its point of support. 

Referring to Fig. 3, the equator of the 
revolving body (a plane perpendicular to 
the axis of figure and through the fixed 
point O,) would be an imaginary plane 
E,E,. Its intersection with the horizon- 
tal plane of ay would be the line of nodes 
N,N’. In the position delineated, the 
progression of the nodes is direct. For, at 
the acending node N, any point in the 
imaginary plane of the equator (sup- 
poosed to revolve with the body) would 
move wpwards in the direction of the 
arrow a, while the node moves in the 
sume direction from O (of the arrow a’). 
Were the axis of figure below the hori- 
zontal plane, (Fig. 5) the upward rotation 
of the point would be from O to E, (as 
the arrow a), while the progression of the 
node (in the same direction as before as 
the arrow a’) would be the reverse, and 
the motion of the node would be retro- 
grade—yet in both cases the same in 
space. 

As the deflecting force of rotary mo- 
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Fig. 5 





E, 





tion is the sole agent in diverting the 
vertical velocity produced by gravity from 
its downward direction, and in producing 
these paradoxical effects ; and as the fore- 
going analysis, while it has determined its 
value, has thrown no light upon its origin, 
it may be well to inquire how this force is 
created. 

Popular explanations have usually 
turned upon the deflection of the vertical 
components of rotary velocity by the ver- 
tical angular motion of the axis produced 
by gravity. In point of fact, however, 
both vertical and horizontal components 
are deflected, one as much as the other ; 
and the simplest way of studying the ef.- 
fects produced, is to trace a vertical pro- 
jection of the path of a point of the body 
under these combined motions. For this 
purpose conceive the mass of the revolv- 
ing disk concentrated in a single ring of 
matter of a radius / due to its moment 
of inertia C=M<A’ (see Bartlett Mech. p. 
178), and, for simplicity, suppose the an- 
gular motion of the axis to take place 
around the center figure and of gravity G. 

Let AB be such a ring (supposed _ per- 
pendicular.to the plane of projection) re- 
volving about its axis of figure GC, while 
the axis turns in the vertical plane about 
the same point G. Let the rotation be 
such that the visible portion of the disk 
moves upward through the semi circum- 
ference, from B to A, while the axis moves 
downward through the angle @ to the 
position GC’. The point B, by its axial 
rotation alone, would be earried to A; 
but the plane of the disk, by simultane- 
ous movement of the axis, is carried to 


the position A’B’, and the point B arrives 
at B’ instead of A, through the curve pro- 
jected in BGB’. The equation of the 
projection, in circular functions, is easily 
made ; but its general character is readily 
perceived, and it is sufficient to say that 
it passes through the point G,—that its 
tangents at B and B’ are perpendicular 
to AB and A’B’,—and that its concavity 
throughout its whole length turned to 
theright. The point A descends on the 
other, or remote side of ths disk, and 
makes an exactly similar curve AGA’ 
with its concavity reversed. 


Fig. 6 
A 


a 








s 


The centrifugal forces due to the deflec- 
tions of the vertical motions are normal to 
the coneavities of these curves ; hence, on 
the side of the axis towards the eye, they 
are to the /Jeft, and on the opposite or 
further side, to the right, (as the arrows 
6 and a.) Hence the joint effect is to 
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press the axis GC from its vertical plane 
CGC’, horizontally and towards the eye. 
Reverse the direction of axial rotation and 
the curves AA’ and BB’ will be the same 
except that AA’ would be on the near 
and BB’ on the remote side of the axis 
GC, and the direction of the resulting 
pressure will be reversed. 

A projection on _ the horizontal 
plane would likewise illustrate this 
deflecting force and show at the same 
time that there is no resistance in the 
plune of motion of the axis, and that 
the whole effect of these deflections of 
the paths of the different material 
points, isa mere interchange of living 
forces between the different 
points of the disk; but it is believed that 
the foregoing illustration is sufficient to 
explain the origin of this force, whose 
measure and direction I have analytically 
demonstrated. 

It may be remarked, however, that the 
intensity of the force will evidently be 
directly as the velocities gained and lost 
in the motion of the particles from one 
side of the axis to the other; or as the 
angular velocity of the axis, and as the 


material | 











culate what amount of extraneous weight 
(with an assumed maximum depression «) 
the instrument would sustain, with a giv- 
en velocity of rotation. 

The analogy between the minute mo- 
tions of the gyroscope and that grand 
phenomenon exhibited in the heavens,— 
the “precession of the equinoxes”—is 
often remarked. In an ultimate analysis, 
the phenomena, doubtless, are identical ; 
yet the immediate causes of the latter are 
so much more complex, that it is difficult 
to institute any profitable comparison. 

At first sight the undu!s'vry motion 
attending the precer.ion, known as 
“nutation ” (nodding) would seem iden- 
tical with the undulations of the gyro- 
scope. But the identity is not easily in- 
dicated ; for the earth’s motion of nuta- 
tion is mainly governed by the moon, 
with whose cycles it coincides; and the 
solar and lunar precessions and nutations 
are so combined, and affected by causes 
which do not enter into our problem, 
that it is vain to attempt any minute 
identification of the phenomena, without 
reference to the difficult analysis of 


celestial mechanics. 


On a preceding page I said that a hor- 








distance, 4, of the particles from that axis. | ’ - : : lisk 
It will also be as the number of particles | izontal motion - the ae . ry 

which undergo this gain and loss of living | — its = of support, without de- 
force in a given time; or as the velocity | ao ref _ <p “Tt at pene on 
of axial rotation. Considered as applied | W!th the laws of nature. — 


acomelic ot G 6 luce rotation about | #PPlied, however, only to the actual prob- 
ormelly at G to produ ee ‘lem in hand, in which no other external 


any fixed point Oin the axis, its intensity | , “ 
force than gravity was considered, and no 


will evidently be directly as the arm of | sae ‘ 
lever &, and inversely as the distance of | — initial velocity than that of axial ro- 
ation. 


G from O(y). Hence the measure of | oe — 
1 Analysis shows, however, that an ini- 


- a Py Saas See eae, | tial impulse may be applied to the rotat- 


ing disk in such a way that the horizon- 
: ‘ _ | tal motion shall be absolutely without 
- wd foregoing — _ nna }undulation. An initial horizontal angu- 
ponderable mass 1s supposed to partake | Jar velocity, such as would make its cor- 
of the impressed rotation about the axis inning deflective force equal to the 
of figure Oz, ; and such must be the case | component of gravity, g sin. 6, would 
“ order = — = ¢° arrived | cause a horizontal motion withvut undu- 
at may rigidly apply. Such, however, | jation. 
cannot be the case in practice. A portion| [f the axial rotation nm, as well as the 
of the instrument must consist of mount- horizontal rotation, is communicated by 
ings which do not share in the rotation | an impulsive force, analysis shows that it 
of the disk. It is believed the anal-| may be applied in any plane intersecting 
ysis will apply to this case by simply in- | the horizontal plane in the line of nodes; 
cluding the whole mass, in Rep | but if applied in the plane of the equator 
the moment of inertia A and the mass M, | (where it can communicate nothing but 
while the moment C represents, as be-| an azial rotation n), or in the horizontal 
fore, that of the disk alone. plane, its intensity must be infinite. 
In this manner it would be easy to cal-| My announced object does not carry 
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ROTARY MOTION, AS 


APPLIED TO THE GYROSOOPE. 





dil 





me further into the consideration of the 
gyroscope thun the solution of this pecu- | 
liar phenomenon, which depends solely | 
upon, and is so illustrative of, the laws of | 
rotary motion. 

If I have been at all successful in mak-| 
ing this so often explained subject more | 
intelligible—in giving clearer views of | 
some of the supposed effects of rotation, 
it has been because I have trusted solely | 
to the only safe guide in the complicated | 
phenomena of nature, analysis. 





Appenpix.—Nore A. 














—_ ayer ay be put in the | 
. =. du 
form. ad 
/ Qu a 
Cail TF 7 =R, and the integral of the! 
2d factor of the above is the are 


whose radius is R and versed sine is x; 


or whse cosine is R—w, or it is R times! 
“ u 
the are whose cosine 1-;, with radius | 


unity. “ Substituting the value of R in 
the integral and multiplying by the factor | 





a get the value of V'%, of the! 


text. 
Nore B. 


In eq. (7) if we divide both members | 


by sin.’ 6, and, in reducing the fraction 


cos. O—cos. a 
——;>——, use the values already | 
sin.” 6. 


found and neglect the sgware, as well as} 
higher powers wu, (which may be done | 








without sensible error, owing to the min. 


uteness of uw, though it could not be done 
in the foregoing values of dt and ¢, since | 
the co- efficient 43° in those values, is re- 


ciprocally great, as wis small) the quo-| 





Substituting the cals m uand divid- 


= 
ing out sin. a, we get the value of a = 
the text. 


| 
= 
| ‘'yM dt 


| The integral of sin. “py “edt results from 


the formula /sin.? pdp=}qp—} sin. 29, 
| easily obtained by substituting for sin.* 
P, its value 4—4 cos. 2¢. 





Nore C. 


To introduce these forces in Eq. (3) 
|I observe, first, that as bota are applied at 
|G (in the axis Oz,) the moment L, is still 
|zero and the first eq. becomes, as before 


| Cdv, = O or vz = const. 


| And as we disregard the impressed 
| axial rotation, we make this constant (or 
| ve ) zero. 


| 
 conteary sign to the ple ting force 
| Just obtained) resolves itself into two 


t Cn dé _ Cad in oe 
| components - yM di —An >M di in, @, 


| the first ina kamen the second in a 
| vertical plane, and both normal to the 
| axis of figure. 

The second is opposed to gravity, 
|whose component normal to the axis of 
figure is g sin. 0. 

“Hence we have the two component 
| forces (in the directions above indicated), 


and M(9— 


These moments with reference to the 
axes of y, and 2, will be 


The deflecting force i” (taken with 





Cn dé 7) 





On dt) 
“yM dt 


Cn diy, . 
_ — i] 
| —sin. py M(g— ya a) si 
Crdé 
cos. PYM Th’ and 
Ca dy 
~~) gin. 0— 
| COS. pyM(g— yM 7) sin 
Cnr dé 
sin. ta er = 


} 
po equations (3) (making v, zero, and 


n| Putting for M, and N, the above values, 


™ | and recollecting the values of a and 6, 
(p. 53) become. 
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Adv, =a,Mgdt— 


dy dé 
aCn nt cos. YP - dt 


Adv, =—b, Mgdt+ 


On wt 


) : dO | 
ae dt—Cn sin. P= dt 











Multiplying the equations severally by 
vy and'v,, adding and reducing (as on 
p- 53) we get 


A(v, dvy + vz dvz)=yMgd. cos. 6— 


Ona. cos.d—Cnd 6 (vy cos. + v; sin. p) 


But v, cos. p+vzsin. mg will be found 
: ly i 
equal to sin. 0s, (by substituting the 


values of v,and vz); hence the two last 
terms destroy each other, and the above 
equation becomes identical with equation 





(a) from which the 2d eq. (4) is deduced. 

Multiplying the Ist equation (7) by 
cos. g and the second by sin. mand add- 
ing, we get 


A(cos. gdvy + sin. pdvz)=—Cnd 86. 


By differentiating the values of v, and 
vz, performing the multiplications, and 
substituting for dm its value, cos. Gdip, 
(proceeding from the 3d equation (2) 
when v, = 0), the above becomes 


Fy —) 


dt dt dt 
Multiplying both members by sin. 6dt, 
and integrating, the above becomes 


dip Cn 


dé 
“at 


A(sin. 6 +2 cos. 4 


sin.’ 6 cos. 6+7; 


dt A 
the same as the 1st equation (4) when the 
value of the constant / is determined. 








COMPARATIY\ 


TE ECONOMY. 


By ARTHUR COBB, C. E. 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


The simple laws which govern the 
growth of interest upon money are very 
easily reduced, by algebraic analysis, to 
convenient formule which are probably 
familiar to most mathematicians. There 
is, however, a special application of these 
laws, not so generally known, which will 
render valuable assistance to the civil 
engineer or architect when it is desired 
to estimate correctly the comparative 
economic merits of different plans and 
designs for structures. 

Suppose it is required to build a struct- 
ure to satisfy a permanent want—a 
bridge, for example. The want or pur- 
pose will exist longer than the life of the 
ordinary structure, and it will be neces- 
sary to supply a series of structures, one 
succeeding another. It will be advan- 


tageous, then, to determine what sort of | perience. 


as well as the varying costs of different 
types and materials. 

When a structure falls out of repair and 
becomes unfit for further use, it is import- 
‘ant to be able to decide correctly whether 
|it is real economy to repair it or to erect 
/anewone. In this case the additional 
lease of life received by the structure, to- 
gether with its cost, must be compared 
with the life and and cost of the proposed 
| new structure. 

Decisions like these are commonly, but 
| unfortunately, made in a hap-hazard man- 
ner, relying solely upon the exercise of 
| judgment. 

This faculty, in its perfection, is some- 
| what rare, and arises from a natural apt- 
ness for comparison and discernment, 
trained by a profitable and abundant ex- 
Some men possess it in an ex- 








structure will be most economical in the | alted degree, but the large majority, not 


long run. 

The truest economy does not neces- 
sarily lie in the choice of that plan whose 
first cost is least. The element of time 
or duration must enter our calculations 





so happily gifted, must sometimes have 
recourse to artificial aid in reaching cor- 
rect conclusions. It is hoped they will 
find such assistance in the use of the 
method described below. 








COMPARATIVE ECONOMY. 


In order to determine the comparative | 
values of two or more structures for a 
specified object, similar only in the sense 


that they would all fill the purpose while | 


they lasted, we will select that one whose 


life is longest, and assume its cost to be) 


the real value of the structure. The} 
others in turn will then be compared with | 
the first ; thus we will obtain the relative | 
value of each structure on a basis of valua- 
tion fixed by the cost of that one with the 
longest life. The difference between this 
relative value and the actual cost of the 
structure will be the measure of econo- 
my or of extravagance inherent in that 
design. 

In the demonstration, which is general, 
provision is made for the case in which 
the materia! of the structure, after its 


usefulness as a whole is spent, possesses | 


still a market value for other uses, thus 
allowing a rehate to be effected upon the 
total cost of the structure. 
The following notation will be adopted: 
Let C denote the cost and assumed 


real value of the structure with longest | 


life. 

m denote its life in years. 

V,V,.V,, &c., denote the equivalent rela- 
tive values of other structures compared 
with the one of longest life. 

Let n, m,, ”,, &c., denote their respect- 
ive lives in years. d, d,, d,, &c., denote 


m dd i 
the ratios —,—., 
n ve 


—t ec. ¢ denote the com- 
pound interest on $1 for the time m. Ps 
Py» P,» &e., denote the values of compound 
interest on $1 for the times n,n,,7,,&ce. R 
denote the ppobable market value of the 
material in the structure of longest life, 
after its life has terminated. 7,7,,7,, &c., 
denote ditto of the other structures. 

If the structures of longest life were 
built its cost at the end of its life of m 
years would amount to 


C(1+t)—R (1) 


On the other hand, by making use of a 
succession of structures with shorter 


lives of » years each, the cost at the end 
of n years would be 
V(il+p)—r 
At the end of 2” years it would be 
V(l+p)—r+[V(1+p)—r](1+p)= 
V(il+p)+V(1+p)’—[r+r(1+p)] | 
At the end of dn=m years it will be 
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va +p)+V(1 +p)'+ -+va +p)*— 
a call saaneh meal +°°*++r(1+p)*" 
By means of the formula for summa- 


tion ia geometrical progression the last 
expression becomes 


(2) 


| Equating (2) with the expression (1) 
and substituting (1+¢)=(1+p)%, we 
have 


aa 


| ceva +p)—r] 


lv. +p) —r|=C(1+4—R 
. which the value of V is readily 
found. 


P 
= — t)—R 
- (l+A(l+p)—C +proa+ 8] 
- 
+ itp 
which reduces to 
V= “aii [C(1+¢)—R] ‘ss (3) 


which is the lowest form of the general 
equation; but if R=o and r=o, equa- 
tion (3) reduces to 
pute t9 
~ t1 +p) 
which will reveal comparative values in 
the case most often met with in practice. 
Formula (4) may also be written 


Va 


(4) 


(4a) 


The two factors —"—and a+! of for- 
1 +p t 
mula (4a) are illustrated graphically in 
the accompanying diagrams A and B. 
|The ordinates of the two curves there 
shown are drawn to the same scale and 
represent the duration of structures up to 
100 years, while the abscissas represent 
the two factors and are laid off with dif- 
ferent scales. 
It is needless to remark that Diagram 
B is used to obtain the value of the fac- 
| tor representing the life of the most en- 
\during structure, and that Diagram A 
| represents the factor appertaining to the 
‘life of any other structure to be com- 
peed with the former. 
It will be seen that the abscissas of the 
| two curves are reciprocals of each other. 











DiaGram A. 


Showing values of P _ for different 
1+p 

periods of years. with interest at 6¢ 

per annum. Ordinates represent 

years of duration, Abscissas repre- 

sent values of ,-” 


1+) 
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| Diacram B. 

. 1t+¢ ‘ 
Showing values of a tor different 
periods of years, with interest at 6¢ 
per annum  Ordinates represent 
years of duration. Abscissas repre- 


sent values of Ht 
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In their computation, interest was as- 
sumed at 6% per annum. 

— The following examples will serve to 
illustrate the use of the diagrams and 
formule : 

Example 1. It is proposed to erect a 
bridge of 150 feet span which is to carry 
a railroad track. An iron, pin-connected 
bridge will cost $6,900 and will last 85 
years. A wooden bridge will cost $4,500 
and will last 10 years; if the latter is 
covered at an expense of $450 it will last 
20 years. 

Which construction will be the most 
economical, if interest is rated at 62 per 
annum? 

If the iron bridge lasting 85 years is 
worth C, the uncovered wooden bridge 
lasting 10 years is worth 


Pe ltt 
hee +p ¢ ne 
From Diagram A we find P for 10 

l+p 


years =0.44 and from Diagram tt 


t | 
for 85 years =1.01 | 
V=0.44 x 1.01 x 6900 = $3066 | 


SCV™SRSRESRSERSRSRAASKER 








Taking next the covered wooden bridge 
i - for 20 years =0.69 
V=0.69 X1.01 x 6900=$4808. 
A comparison of all three methods 
shows thus : 
Iron Bridge Wood Bridge Wood Bridge 











uncovered. covered. 
ere $6900 .. $4:00 .. $1950 
Value..... 6900... 3066 ar 4808 
Difference. $434 $142 


Hence the iron bridge is most economical, 
although costing the most. Next in order 
is the covered wood bridge, and the least 
economical of them all is the uncovered 
wood bridge. 

Evample 2. A wooden house has 
reached a state of dilapidation and is un- 
fit for further use as it is. With repairs 
costing about $850, it would serve its 
purpose 4 years longer, while a new 
house, if built, would cost $6,000 and 
would last 40 years. Which plan is it more 





advisable to adopt ? 
P tor 4 years =0.22 +6. 40 years = 
‘l+p . 
1.11 
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V=0.22 x 1.11 x 6000 =$1465 Pp r 
Actual cost of repairs= 850 ¥ ~~ tp x l+p 
Difference.......... $615 from which the value of C is found to be 
It is therefore very much cheaper to) l+p r 
make the repairs. | > p 
The next example will illustrate the use | —_ 
of formula (3). or C=V + —— (5) 
P 


Erample 3. It is required to lay a| 
piece of railroad track. Steel rail will}; When r=o, formula (5) should be written 
cost $34 0U per ton and will last 10 years; | l+p 
moreover, after its 10 years of service it| =——_V (6) 
can be sold as scrap for $22.50 per ton. P 
Iron rail will support traffic for 5 years|as Diagram B can then be used to find 
and will cost $27.00 per ton. Its value! he f 1+p 
afterwards as scrap will be $23.50 per | @ factor >?’ 
ton. Interest at 62%. Which is better to | 





Example 4. Suppose a structure costs 














? 
7 | $5000 and lasts 5 years, what is the rela- 
V=u-.,/—. (C(l+¢)—R])+ sm (3) | tive value of a structure which would last 
e(1+p) l+p forever? Interest at 6% per annum. 
, : ‘mul i ad, i - 
With the help of interest tables we find pecans sr me ae ¢ 
the values of » and ¢ and fhe formula be- | sumed=o. for 5 years is found 
—— 0.338 from Diagram B to be 3.96, hence 
= 0.791 x 1.338 8% X 1-791 — 22.50] + C=3.96 X5100—$19800. 
23.50... 2 These formule may be applied in a 
13387 29-8 | great variety of ways, but the foregoing 
, ' 7 | examples illustrate their principal uses. 
oe rs tang eters $27.00 They will often exhibit the unaided judg- 
Ree are eane 2.08 ment at fault in its conclusions regarding 
Difference. ............ $2.82 the comparative values of structures when 
9.89 their durations are taken into account. | 
It is therefore-—— or 9}% cheaper to One fact is clearly pointed out—it 1s 
29.82 | generally a great economy to make repairs 


use iron rather than steel, with the above | if possible, rather than to rebuild, and it 
conditions. The question of labor might} will be found that more money can be 
have been considered in theabove example | profitably spent in repairs than it would 
by adding its expense per ton to the costs | ordinarily be thought wise to do 
of the iron and steel. In conclusion we will remark that, 
A curious feature of formula (3) is, although the demonstration assumes, arti- 
that from it may be obtained the theoret-| ficially, a comparison between the cost of 
ical value of a structure which would last | ® Single structure with along life and one 


forever. The formula may be written he a series of structures, similar to each 
|other, but with shorter lives; whether 


ms! — x itt. — - +—"— (3u)| we decide to build the one or the other, 
lip” ¢ u(l+p) l+p | when its life terminates, it is not neces- 

In proportion as the life of the longest | sarily advantageous to continue the 
lived structure is taken longer, the value | 8°T€S by erecting another upon the same 





1+¢ |plan. The best use of money has been 

of the factor —_— approaches towards | effectedin choosing the first design for 

’ ithe first structure, but after its life is 

1+t With | Spent, a certain period of time has 

elapsed, prices of labor and of building 

this alteration and putting R=o, formula) materials have changed, new materials 
(3a) becomes | 


unity and when m=~, ——a 1. 


come into use, types of construction have 





516 


altered and possibly the needs in the 
structure have become modified, there 
fore fresh calculations with the latest 
authentic data should precede and aid in 


the proper choice of each structure in the | 


series, in order to attain practical econ- 
omy. 
——_—eqgpeo————_ 


REPORTS OF ENGINEERING SOCIETIES. 


NGINEERS’ CLUB OF PHILADELPHIA.— 

_, Record of Regular Meeting, October 16th, 
1886.—Mr. J. E. Codman presented an _ illus- 
trated description of a case of Low Waterina 
Steel Boiler, wherein the refilling of the boiler, 
after the exposed portions had reached a high 
temperature, produced no evidence of a ten- 
dency to crack in the steel. 

Mr. C. O. Hering presehted Tables of Equiv- 
alents of Units of Energy and Equivalents of 
Units of Weights and Measures, for the Refer- 
ence Book. 

Mr. J. H. Harden read a paper on Early 
Mining Operations in Berks and Chester Coun- 
ties, Pennsylvania, giving the names of the 
charcoal furnaces, dates of construction, own- 
ers of the mines using the iron ore, location of the 
mines, management, cost and quantity of ore 
mined annually by the *‘Berksand Chester Min 
ing Co.,” beginning with 1836, under the man- 
agement of Mr. Wm. Mcllvain, continued by 
Mr. Hariley Potts, Mr. Robert S. Potts, Peter 
Ubil, Fred. Richards, and John Kenny. 

He refers to the operations of the ‘‘ Pennsyl- 


vania Copper Company,” Captain Thomas, | 


Manager, who died in 1808, and was succeeded 
by Mr Richard Trewick as Manager and Treas- 


urer; its failure and sale by the sheriff in 1811. | 


Mr. Harden identifies Mr. William Mellvain 
as the inventor and first user of the log washer 
for separating the fine ore from the dirt, and re- 
ferred to its patent by Mr. John Milholland. 

Mr. William E. Lockwood, introduced by 
the Secretary, gave a brief description and re- 


view of the progress made in the efforts to de- | 
termine the ‘‘ hammer blow ” of alocomotive’s | 


drivers, since January, 1883, when Mr. Lock- 
wood spoke on the subject of the Shaw loco- 
motive before the club. Stereoptical views 


i | 
were shown of the Ashtabula bridge before and | 


after the accident, the conditions stated, and 
the suggestion made that the ‘*‘ hammer blow ” 
might have been the cause. 

Next were shown views of the Dudley Dyno- 
graph car, including the machinery by which 
the conditions of the track are determinated, 
and a sample sheet showing the results. 

The views following were taken from 
mechanical drawings of a dynamometer, by 


Mr. Thomas Shaw, M. E., which were submit- | 


ted to a sub-committee of the Committee of the 
Sciences and Arts of the Franklin Institute, in 
Oct., 1882. 

Three views followed of a New Application 
of the Dynamometer for determining the 
‘hammer blow” of a locomotive’s drivers, as 
approved by a joint committee of the Franklin 
Institute’s Committee of the Sciences and Arts; 
also by the Committee of the American Rail- 
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| 

| way Master Mechanics Association. The re- 
port of each body was filed with the Secretary; 
the ‘‘ Appendix” to the same, being a descrip- 
tion of the dynamometer, was read and ex- 
plained. 

Following these, were shown the coupling 
pins and pulling bar, which attaches the tender 
to the locomotive, and these demonstrated in 
their ‘‘ wear and tear” the difference between 
the present system of ‘rotating counterbal- 
ance” and ‘‘ steam self-balancing counterbal- 
ance.” 

Three views were then shown of appliances re- 
cently constructed to prove, as Mr. Lockwood 
states it, that the top of the driving wheel, 
when in contact with the rail, moves twice as 
fast as the bottom, and that the bottom 
stands perfectly still. 

—_eqipoe—_—_—_ 
ENGINEERING NOTES. 
On engineers still speak of electric light- 
. ing as untrustworthy. One railway en- 
gineer recently refused to light an underground 
railway by this light, chiefly because of its un- 
certainty, but another railway engineer is not 
only lighting Paddington station, one of the 
largest in London, but he is lighting all the sig- 
nals by the same*means, the strongest possible 
proof of the reliance some men put in electric 
lighting, and this even with an alternating cur- 
rent. An underground line is just the place 
where gas should not be used, but the engineer 
| of the Mersey line laid great stress on the higher 
cost of the electric light. When railway sig- 
nals are properly lighted by electricity they 
may be also worked by the same means. 





| “JHE report of the Suez Canal Company, read 
‘| by M. de Lesseps recently, shows the re- 
ceipts of 1885 to have been 65,049,945 f., and 
the expenses 31,021,178 f., leaving a profit of 
34,028,767 f., which allows a dividend of 60 f. 
40c. The return of traftic—3624 ships, of 
6,335,753 tons—exceeded by 340 ships and 464,- 
253 tons that of the previous year. The pas- 
sengers numbered 205,951, against 151,916 in 
1884, and 43,813 of them were English. The 
average time of transit was forty three hours, 
and though the twelve days’ interruption caused 
by a dredger being run down led to an assem- 
blage of 123 ships, all these got through in 
three days. Liberty of traveling by night with 
the electric light had been taken advantage of 
by several of the Peninsular and Oriental Com- 
pany’s steamers, one of which thus made the 
transit in seventeen hours fifty minutes. Traffic 
has not suffered from the economic depression, 
because the reduced dues have allowed the 
creation of fresh enterprises, or the extension 
of existing ones. 

A 100-ron crane has just been completed by 
d Messrs. Higginbottom and Mannock, of 
the Crown Ironworks, West Gorton, Manchester, 
for Messrs. Sir W.G. Armstrong, Mitchell &Co., 
Newcastle-on-Tyne. The crane is of the 
| Goliath type, having a lift of 50 ft., and is in- 
| tended for dealing with the heaviest class of 
|castings. The crab has two barrels, both hoist- 
| ing at once, and by an ingenious arrangement 
|the weight of crab and load is equally dis- 
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tributed over eight wheels. The crane is rope 
driven, and the reversing is effected by means | 
of friction clutches, which drive steel worms 
working into gun-metal worm wheels. All 
wheels and axles are of steel. The weight of 
the crab and chain is about 25tons; the length 
of the chain is about 220 ft The snatch block 
is of Lowmoor iron, and is so arranged that 
the heaviest loads can easily be turned by the 
hand when suspended. Altogether the crane 
is of massive proportions, and of good design 
in general and in detail, and highly creditable 
to Messrs. Higginbottom and Mannock. 


Byrne AGENts.—At the meeting of the 

King’s College Engineering Society held 
recently, a paper on dynamite was read by Mr. 
Gask, in which an account was given of its 
composition and relative cost as regards gun- 
powder. The method of charging and tamp- 
ing the holes and fixing the detonator was fully 
explained, and also the advantages of dynamite 
over gunpowder in wet ground. Great care, 
the author stated has to be taken with dyna- 
mite when frozen, numerous accidents having 
happened from explosions when in that condi- 
tion. In the discussion which followed, Mr. 
Heathcote explained some forms of safety car- 
tridges, including (1) the lime cartridge ; (2) 
cases where strontia is brought into contact 
with ammonia; (3) cases of breaking a vessel 
containing nitric acid and so bringing it in con- 
tact with picric acid. Mr. Preece drew atten- 
tion to the advantages of firing charges by elec- 
tricity, and the way it was done, giving as an 
instance the blowing up of Hell Gate, New 
York harbor, and explaining the arrangement 
of the batteries. The American substance rack- 
arock was mentioned by Mr. Moore as being 
56 times more effective than gunpowder, but 
inferior to dynamite. The question of the pro- 
ducts of combustion of gunpowder, with re- 
spect to the recent quarry accident in Scotland, 
was also referred to. 





ussIAN Port IMPROVEMENTS IN THE BLAck 
IR SeaA.— Russia is making rapid progress 
with the port improvements she has taken inhand 
in the Biack Sea, and upon which she proposes to 
spenda million sterling. At Novorossisk, which 
is to be the outlet for the railways of the Cis- 
Caucasian region, the engineers have been at 
work for some time past, and nearly 1.000 nav- 
vies are being assembled for vigorous operations 
during the winter. Tue first work to be taken in 
hand is the construction of amole of concrete 900 
yards long, which will terminate with a turret 
and lighthouse. The blocks of concrete to be 
used are to have an average weight of 27 tons, 
and many are already being placed in position. 
Along the mole a branch will be extended from 
the Rostoff-Viadikavkaz Railway. This will | 
be employed principally for grain, of which the | 
export from Novorossisk is expected to reach | 
100,00 tonsa year. Witb regard to petroleum, | 


which will rank next to corn as an article of 
export, a special haven will be erected on the 
opposite side of the new port. The bay of 
Novorossisk is so large that its land-locked 
waters afford means of establishing a dozen | 
different ports, and thus there will be no diiti- | 
culty in keeping one part of it devoted exclu- | 


sively to petroleum. The site selected for the 
new port being situated on the side of the bay 
opposite to the town, the latter is to be dis- 
mantled and shifted thither. At Batoum, the 
works for enlarging the port are being pushed 
on under the guidance of M Bungé, a nephew 
of the Minister of Finance, who is one of the 
contractors for the undertaking. The cost of the 
improvement will be £380,000, and most of the 
work is to be completed within a twelvemonth. 


4 Fortn Bripge Ramway.—The follow- 

ing is the fourteenth quarterly report of 
inspection to the Board of Trade by Major- 
General Hutchinson, R.E., and Major Marin- 
din, R.E., of the works in progress for the 
construction of the bridge over the River 
Forth. 

During the last quarter very considerable 
progress has been made in all the branches of 
the works, as will be evident from the follow- 
ing remarks. 

Temporary Works.—Large additions have 
been made to the plant, chiefly for erection 
purposes; these include hydraulic apparatus, 
gvoliaths, cranes, hoists, steam winches with 
boiler, and a number of powerful and special 
designed machines for riveting the 8 feet and 
12 feet tubes. These machines consist of in- 
ternal and external frames constructed to 
slide up the tubes and form supports for 
the rams which execute the work. The ex- 
ternal frames, surrounded by wire netting, form 
cages within which the men engaged are en- 
abled to carry on their operations with safety 
both to themselves and to those at work beneath 
them. 

PERMANENT WorKs—SovutH QuEENSFERRY.— 
Main Piers.—The lower bed-plates are now 
complete. On the two southern piers the skew- 
backs, with the junctions therewith, about 30 
feet of the vertical columns and struts, and 20 
feet of the bottom members of the cantilever are 
in position and partially riveted. On the north- 
east pier nearly the whole of the skewback and 
junction, about 15 feet of the vertical column 
and 10 feet of the diagonal struts, are bolted 
up, and the riveting is in a forward state. On 
the north-west pier about half of the skewback 
is in position, and the riveting has been com- 
menced. The bracing girders between the 
skewbacks are practically complete; the hori- 
zontal tube between the eastern skewbacks is 
complete, and that on the western side is being 
riveted. Including the tubes and girders, 
about 1,175 tons have now been riveted. 

Caniiever and Viaduct Piers.—The main 
girders on No. 3 span have been completed, 
and have been joined to those on Nos. 2 and 4 
span; the girders on the whole of the spans 
have been raised to the level of 63.75 feet above 
O.D., the masonry having been raised 24 feet 
both on the cantilever piers and on piers Nos. 3 
to 9 inclusive. 

Inon Garvizr.—Main Piers.—About three- 
quarters of the skewback on the north-west 
pier is bolted up, and about one-half of the 
riveting is complete. The upper bed-plate on 
the south-west pier is riveted; that on the 
south-east pier is erected, and the riveting is 
being proceeded with. Since the last report 
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about 56 feet have been added to the western 
tube, and about 32 feet to the eastern tube; 
about two-thirds of the northern bracing girder 
has been bolted up, and the greater portion 
riveted. About 1,000 tons of steel work have 
now in all been riveted. 

North QuEENsFerry.—Main Piers.—Since 
the last report riveting has been commenced 
and is being proceeded with on all the skew- 
backs. The riveting of the horizontal tubes 
and bracing girders has been completed. The 
wind bracing between the vertical columns has 
been commenced, and both on the north and 
south columns it has been bolted up as far as 
the first intersection, a distance of about 85 
feet. The erection of the upper portion of the 
main bracing columns is now in progress. This 
work is carried on with the aid of movable plat- 
forms, one on each side; these platforms (pro- 
vided with fencing) are supported on girders, 
which again are carried by cross girders; the 
whole structure is raised as required by means 
of hydraulic rams of great power attached to 
the vertical columns, one to each. These plat- 
forms have now been raised about 23 feet with- 
out any difficulty. 

The steel plates are raised as required in 

uides by steam hoists to the level of the plat- 
orms, where they are received and placed in 
their ultimate position by goliaths fitted with 
hydraulic lifting and traversing gear running 
on rails the whole length of the platforms. The 
machines for riveting the vertical columns and 
struts between them are put together, and two 
of those for the 8-feet tubes are working satis- 
factorily. 

The total quantity of steel work riveted at 
North Queensferry amounts to 1,250 tons. 

Cantilever and Viaiuct Piers.—Since the last 
report the cantilever pier has been raised 14.5 
feet and the viaduct piers 22.75 feet, or to 107 
feet and 103 feet respectively above O.D. The 
girders have been lifted 22.5 feet, and nowstand 
108 feet above O.D. 

GENERAL.—Masonry and Concrete-——Up to 
the present date 372,000 cubic feet of granite 
have been delivered, and 337,000 cubic feet set. 
About 98,000 cubic yards of rubble masonry 
and concrete work have been built, and about 
20,000 tons of cement have been used. 

Steel Work.—The whole of the skewbacks 
have been completed in the yard, with the ex- 
ception of a small quantity of drilling and fitting 
for that for Inch Garvie, N.E ; the fitting of the 
plates and angles at the important junctions of 
the 8 feet tubes at their crossing between the 
vertical columns at the North Queensferry piers 
is being proceeded with. 

Including the horizontal and vertical tubes 
erected on the main piers 4,000 lineal feet of 
12-feet tubes and 4,500 lineal feet of 8-feet tubes 
have been fitted and drilled. 

Of the lattice tension members and bracing 
girders 7,725 feet have been drilled, and the 

reater portion of the latter have been erected. 

he main girders of the internal viaduct be- 
tween the vertical columns at the North 
Queensferry piers have been drilled and fitted, 
and the top and bottom booms for the same at 
the South Queensferry piers have also been 
drilled. 











In all 27,232 tons of steel have been de- 
livered. 

The average number of men employed on 
the works has been increased, and is now 
2,545. 

We are of the opinion that the works have 
made rapid progress during the past three 
months, and we have every reason for continu- 
ing to be satisfied with the way in which they 
are being executed.— Engineering. 


——_eqgpo——_——— 
IRON AND STEEL NOTES. 


USSIAN Rugs ror THE Use oF STEEL IN 

Construotion.—In July, 1885, the Rus- 

sian Ministry of Roads published a series of 

provisional regulations concerning the use of 
steel, of which the following is a summary : 

1. Steel, whether Bessemer or Siemens- 
Martin, may be used in all structures. 

2. In view of the great sensitiveness of steel 
to mechanical working itis to be noted that— 

(a.) Plates an other sections must be tem- 
pered, after rolling, by means of the sand-bath. 
Care must be taken that on leaving the rolls the 
metal is not below a cherry-red heat. 

(6.) Holes must not be punched, but drilled. 

(c.) When worked cold the material must not 
be sheared, but cut with achisel The edges 
must be planed. All bending must be done hot, 
and provision be made for subsequent slow 
cooling. 

8. The material must possess the following 
properties: 

(a.) It must contain 0.05 to 0.20 per cent. of 
carbon 

(6) Except for rivets, the tensile strength of 
all kinds of steel must be from 25.4 to 29 8 tons 
per square inch, extension at least 18 per cent., 
and the contraction of area at least 36 per 
cent. 

For rivets the tensile strength must be from 
22.2 to 25.4 tons per square inch, extension at 
least 20 per cent., and contraction of area at 
least 50 per cent. The percentage of carbon for 
rivets must approach the lower limit (see a). 
Extension and contraction of area are to be 
measured on test-pieces of 10 inches length. 
The test-pieces must be worked cold. 

4. A strip of the metal 10 or 12 inches in 
length, heated to cherry-red, and then plunged 
into water at 854° Fahrenheit, must not show 
any cracks when so bent that the inner faces 
of the bent piece, at a distance from the angle 
of one and a half times the thickness of the 
plate, are three times the thickness of the plate 
apart. 

5. The permissible strain upon the material 
is as follows: 


Tons per Square Inch. 
Steel. Iron. 


(¢.) For bridges of less than 
49 feet span, and also for 
roadway bearers (longitudi- 
nal and cross) : 
For tension and compres- 
oo TEE OE OE 4.4 3.8 
For shearing of rivets, fasten- 
ing the longitudinal to the 
cross-bearers, and these to 
the main girders.......... 3.8 3.2 
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RAILWAY NOTES. 


Tons per Square Inch. 


Steel. Tron. 
For shearing of rivets in the 
rest of the structure..... . 4.4 3.8 
For shearing of the web of a 
ree 29 2.2 
(6.) For main girders of 


bridges of from 49 to 95 feet 

span : 
For tension (net cross section, 

after deducting rivet holes). 4.8 4.4 
For compression (after deduct- 

ing half areaof rivet holes). 4.8 4.4 
For shearing of rivets a ee 3.8 
(c.) For main girders of bridges 

of more than % feet span : 
For tension (net cross section, 


after deducting rivet holes). 5.1 4.6 
For compression ‘after deduct- 

ing half areaof rivetholes). 51 4.6 
For shearing of rivets... 4.4 3.8 


(d.) For wind- bracing of 
bridges of morethan 95 feet 
span: 


For tension (net cross seetion) 6.3 5.7 
For compression (after deduct- 

ing half area of rivetholes). 5.7 57 
For shearing of rivets.... .. 5.1 4.8 


Iron and steel may be used in the same struc- 
ture, but with the limitation that in each mem- 
ber of a group of similar parts the same 
material is to be used. For instance, the top 
and bottom booms of a girder form such a 
group; the diagonals and verticals of a girder, 
the cross and longitudinal roadway bearers, are 
other such groups. 

‘lhe use of steel rivets is not compulsory with 


steel plates.— Foreign Abstracts of the Inst. of 


Cwil Engineers. 


RAILWAY NOTES. 


E lee Raitway MILeaGE OF THE British AND 

Russian Emprres.—From an official re- 
port just issued it would appear that the total 
length of railways opened for traffic in Russia 
on the ist of June was 25,634 versts, or 17,000 
miles. Of this total 3.213 versts were owned 
by the Government, 21.075 by public compan- 
ies ; 1,129 versts were in Finland, and 217 versts 
(the Transcaspian line) were controlled by the 
Minister of War. Last year about 700 miles 
were opened for traftic. Two railways were 
closed, the Sestroretsk and Oboyansk, having a 
united distance of 24 miles. In this manuer 
the increase of the Russian railway system is 


less than in any of the great English colonies— | 


Australia, Canada, and the Cape. In Great 
Britain itself, containing 2,000 miles of railway 
more than the whole Russian Empire, the com- 
munication system is almost complete, and the 
additions made every year are necessarily of a 
limited character; but India, with her 14.000 
miles of line open, and a yearly addition of 
1,000 or 2.000 miles, presses upon Russia closely, 
while at the rate Canada is progressing, that 
colony, with only 5,0 0,000 people, will in a 
few years surpass in railway mileage Russia 
with her 100,000,0: 0 souls, subject to the will 
of the Czar. According to a recent computa- 
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principal English colonies, including India, 
Canada, and Australia. Adding thereto the 
mileage of Great Britain, we find that the Brit- 
ish Empire possesses three times the mileage of 
the Russian Empire. In Asia alone the mile- 
age of India and Australia combined exceeds 
the mileage of Russia. This year Russia is 
making extraordinary efforts to make amends 
for the apathetic policy of the last five years, 
but with all her exertions she will not have con- 
structed by the end of 1886 more railways than 
either Canada, the Cape, or Australia. 

NEW central railway station, said to be the 
A largest in the world, is nearing comple- 
tion at Frankfort-on the-Main. It has taken six 
yeaisto construct, and will cost about £150,000, 
of which the Government has contributed about 
£100,000. and the Ludwig Railway Company 
the balance. 

‘7 “ne most frequent cause of railway acci- 

| dents is the failure of axles. Besides the 
773 accidents on our railways reported last year 
as causing personal injury, there were 1,252 
cases reported involving no personal injury. Of 
the 500 persons killed and 914 injured, ninety- 
six of the killed and 693 of the injured were 
passengers. Of these injuries the chief causes 
were as follows: Twenty-five persons were 
killed and forty-nine injured by falling between 
carriages and platforms; seventeen killed and 
470 injured by falling on to platforms, ballast, 
etc. ; thirty-five were killed and eleven injured 
while passing over the line at stations. Besides 
these, who were all actually passengers, fifty- 
eight persons were killed and twenty-one in- 
jured while passing over railways at level cross- 
ings, 250 persons were killed and 126 injured 
while trespassing, and to this number must be 
added fifty-five persons who committed suicide 
on railways. 


produce a self-contained electrically driven 


| J ARMAN’s ELEctrio TRAMOAR —An attempt to 


| 


tion there are 30,000 miles of railway in the 15 | 


amcar has been made by Mr. Jarman, of 443 
Brixton Road, London. His ideas are exem- 
plified in a model which runs on a short length 
of line up steep inclines and round sharp curves. 
The motor is fitted between the axles of the car, 
and does not interfere with the present method 
of construction. The difficult question of heat- 
ing is said to be solved by Mr. Jarman’s inven- 
tion, which consists of two armatures fitted to 
one axle. One of these drives the car in one 
direction, and the other propels the car in the 
opposite direction, so that each armature has 
time to cool down, should it become heated. 
The battery of E. P 38. cells is to be placed 
under the seats, and the exhausted cells will be 
removed and replaced by charged cells as re- 
quired. The motor is reversed by a simple 
lever. Itis stated that the weight of the mech- 
anism, including sixty storage cells, will be 
only 23 tons for a forty-six passenger car, The 
car will be lighted by a portion of the electric- 
ity that drives the car. 

———_—— <> ——_—_——_ 
ORDNANCE AND NAVAL. 


rupp Guns.—Colonel Henvebert, in a com- 
munication to the Correspondant, speak- 
of the German artillery, says of Krupp: 
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** When we took some guns from the Chinese 
during the Tonquin Expedition they were made 
by Krupp; and more recently the heroic Gor- 
don, shut up in Khartoum, mentioned the part 
played by these guns in the regions bathed by 
the waters of the White and the Blue Nile. 
And yet this materiel is far from being irre- 
proachable. During the war of Bohemia sev- 
eral field pieces burst. After the war, in order 
to allay public agitation, trials @ owtrance were 
made, and these cost several young officers 
their lives. In 1868, General de Boeuf declared 
that several guns firing ordinary charges had 
burst ; nor can it be said that the Prussian steel 
guns of to-day are safe In fact, between 1857 
and 1870 numerous accidents occurred in Rus- 
sia, England, Germany and Italy on land and 
on board ship.” Colonel Hennebert says that 
during the Franco-German war 200 Krupp guns 
burst, as mentioned by Major Haig in a report 
read before the Royal Artillery Institution, and 
by the Duke of Cambridge, in a speech in the 
House of Lords on April 30th, 1876. ‘* Out of 
seventy heavy guns employed against the south- 
west of Paris, thirty-six were disabled during 
the first fortnight of the bombardment by the 
effect of their own fire. At Versailles it was 
thought that if the French had held out a week 
longer, the German siege batteries would have 
been reduced to silence. It is equally certain 
that during the campaign on the Loire, Prince 
Frederick Charles had twenty-four of his guns 
disabled by their own fire.” The Krupp sys- 
tem ‘‘ requires delicate handling and the em- 
ployment of a skillful pers-mnel capable of sus- 
tained attention, and under the obligation of 
taking extremely minute precautions. The 
initial velocity and other merits of the gun are 
not denied. 


kom the French naval estimates it appears 
F that the following arrangements have 
been made for building new vessels for the 
navy. A sum of £510,080 has been set aside 
for six ironclads of the first-class, of which one, 
the Amiral Baudin, is to be completed next 
ear, and two, the Formidable and the Marceau, 
in 1888. The Neptune, which is being built at 
Brest, the Magenta at Toulon, and the Hoche, 
which has been launched at L’Orient, will not 
be ready to take the sea before 1889. <A sum of 
£79,000 is to be spent upon four ironclad gun- 
boats, two of which, the Cocyte, at: herbourg, 
and the Granada, at L’Orient, are to be ready 
in 1887. Two large cruisers of 5,766 and 7,000 
tons have been ordered to be laid down in the 
dockyards of La Seyne and St. Nazaire. and are 
to be ready in 1888. These vessels, which are 
to be of the protected kind, with an ironclad 
deck, sre to have a speed of 19 knots an hour, 
and a sum of £160,000 is allowed for them in 
this year’sestimates. Three first-class cruisers, 
the Dupuy-de-Léme, the Jean Bar, and the 
Alger, each of 4,200 tons, and each to cost 
£184,000, have just been laid down at Cher- 
bourg, Brest, and Rochefort. Two second-class 
cruisers and three of the third class are alse in- 
cluded in the list of ships to be built in 1887, 
and a sum of £144,000 is + lowed for these ves- 
sels, which are to be very fast, in next year’s ex- 
penditure. Three torpedo cruisers, the Eper- 


vier, the Vauteur, and the Faucon, 51 torpedo 
boats ordered from private firms, and one sea- 
going torpedo vessel. the Ouragan, which is to 
have a speed of 25 knots an hour, are also to be 
ready next year, a sum of £128.000 being al- 
lowed for their completion. A credit of £109,- 
720 is allowed for two dispatch boats, which 
are to be completed, three transports, and two 
sailing frigates, so that altogether there are in 
course of construction or armament six iron- 
clads, four ironclad gunboats, ten cruisers, three 
crusing torpedo boats, three dispatch boats, 
three transports, 52 torpedo bots, two sailing 
frigates, and one third-class torpedo boat, the 
total credit being allowed for them in the course 
of nex year being £1 190,024. 
- is stated that the late Imperial yacht Liva- 
dia, upon the magnificent equipment and 
gorgeous embellishment of which Alexander 
II. lavished so many millions of roubles, ap- 
pears at last destined to be put to some practi- 
cal use. The Livadia arrived at Sebastopol 
about Sept. 1st from Nicolaieff. She has al- 
ready been denuded of her former sumptuous 
appointments and decorations, but is now to 
undergo a further and radical cleaning out, and 
will then be made available as a troopship. Her 
chief mission will be the transport of troops 
from Sebastopolto Batoum. If her preliminary 
trips happen to be made in some of the heavy 
and choppy seas which are not unfrequently 
experienced in these waters, the Livadia’s 
doubtful sea going capacity will be somewhat 
severely tested, and her behavior will be watched 
with some interest by those naval experts and 
designers who approved or condemned her 
structural lines before she left the slips of Elder 
and Pearce. At all events, with moderately 
fair weather the Livadia will, after being clear- 
ed out and refitted, be capable of carrying in a 
single short voyage an enormous number of 
troops in case‘of need. We need hardly tell 
our readers that the statement only confirms 
another, made when the ship was launched, 
namely, that she was called a yacht, instead of 
troopship, to throw dust in the eyes of Europe. 


Russian Torrepo Boat.—The Wiborg 
torpedo boat, built for the Russian Gov- 
ernment by Messrs. Thomson, of Clydebank, 
completed a most exhaustive series of experi- 
mental trials recently. The vessel is so lightly 
and delicately constructed that the Russian 
Admiralty specified avery much larger num- 
ber of experimental trials than is usual in this 
class of vessel. A series of trials has been car- 
ried out, about twelve in number, to determine 
the best form of propeller for the vessel. In 
addition to these trials, a series of experiments 
has been made out to determine the maneuver- 
ing capabilities of the vessel, another series 
testing her sea-going qualities, and a third 
series to determine the rate of consumption of 
fuel. In all, the vessel has had nearly twenty 
trial trips. The Wiborg is 148 feet long, 17 
feet broad, and 93 feet deep. She carries two 
revolver Hotchkiss guns, and four torpedo tubes 
or guns. She can carry coal to steam 4,500 
knots at 10 knots per hour. Her machinery is 
duplicated, and in fact she is the first torpedo 


| boat built in this country with twin screws. 
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Messrs. Thomson made this departure in face 
of the fact that the leading torpedo boat 
builders had predicted that the adoption of 
twin screws meant a considerable loss of effi- 
ciency. The vessel is divided into twenty-two 
water-tight subdivisions. The engines and 
boilers are encircled by a belt of coal protection 
The torpedo tubes forward are protected from 
machine gun fire. The vessel is fitted with a 
bow and stern rudder. Ata former trial, the 
Wiborg attained a speed of 22 knots per hour. 
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| 
|10 shots were put into a space measuring 34 
inches by 4 inches, and nine of these were 
within 2} inches by 34 inches—a marvelous 
performance. To give an ideaof the compara- 
tive shooting of the cylinder and the Paradox 
at 100 yards witha bullet, it may be stated that 
the former could only put the bullets within a 
space of 3 feet square, while the latter could al- 
most do it within 3 inches square. 
ET DzrENSES AGAINST TorPEDOES. — Im- 
portant experiments with the net defense 





Since then she has been timed in a very much] booms manufactured by Messrs. Bullivant took 


more deeply laden condition, such as would 
represent her in complete fighting trim, with 
coals on board for a long sea cruise, and she 
has maintained on three different days a speed 
of nearly 21 knots for four hours at each time 
together. Recently, during one of these four- 
hour runs, she ran between the Cloch and 
Cumbrae Lights in 39 minutes. This gives a 
mean speed of 21 knots per hour-—the least time 
in which this well-known run has been made. 
The vessel turns a half-circle in a little over 
half a minute. 
HE Parapox Gun.—A trial of a new gun 
for sportsmen, which combines the ad- 
vantages of a rifle and a shot gun, and dis- 
charges shot with the pattern and penetration 
of a 12-bore and conical bullets up to 100 yards 
with the accuracy of an express rifle, was held 
on October 6 at the Kensal Green range of 
Messrs. Holland, the gun-makers of New Bond 
street. The gun has been brought under the 
notice of the government as being a useful 
weapon for the service, by reason of the capa- 
city for shooting slugs and bullets. Many at- 
tempts have been made to bring out a thorough- 
ly satisfactory weapon of the kind, and as the 
difficulty has at last been surmounted, the gun 
has been called the ** Paradox.” It is an ordin- 
ary 12-bore shot gun, butit is rifled on the ratch- 
et principle for the space of an inch from the 
muzzle or thereabouts, and then the rifling 
gradually tapers away to the cylinder. The 
trial commenced by the operator shooting ten 
consecutive right and left shots at 50 yards 
range, with three drachms of powder and pel- 
lets weighing 1} oz., and the whole of these 
were placed within a space measuring 2} inches 
by 24 inches. Ten consecutive right and left 
shots were then fired at 100 yards, and were 
put intoa space 3? inches by 5z inches. The 
right barrel of the Paradox gun was then shot 
with three drachms of powder and 14 oz. of 
No. 6 shot at 40 yards, and 206 pellets were 
lodged in the 30-inch circle, while 137 were put 
into a similar circle by the right barrel of an 
ordinary cylinder gun. The left barrel of the 
Paradox was then tried, and 194 pellets were 
put into the circle, as against 51 of the left bar- 
rel of the cylinder. A right and left from the 
Paradox at the same distance, and with similar 
charges, put 179 and 203 pellets into the two 
circles respectively. The Paradox was then 
shot at 40 yards with three drachms of powder 
and 13 oz. of A A A shot, numbering about 50 
pellets. The right barrel put 39 into the circle 
and the left 86, and the cylinder only put in 27 
from the right barre] and 15 from the left. The 
wind having dropped a little, another trial of 10 
shots at 100 yards was made, and this time the 
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| place at Portsmouth on board the Dido, on Oct. 
8, under Admiralty directions, and in the pres- 
| ence of naval and dockyard officers. The ex- 
| treme difficulty of using the wooden booms in 
j}action having long been felt, a few years ago 
; the matter engaged the attention of the authori- 
| ties at Malta Dockyard, who fitted to the Superb 
the ordinary booms, but added such appliances 
that the time occupied in lowering the net was 
reduced to one-fifth. Still, the wooden booms 
were adhered to, and the result is that, with 
the exception of the Superb, there is no vessel 
in the service that can run out her nets in less 
than two hours. By Mr. Bullivant’s system the 
work can be done in ten minutes or a quarter 
of anhour. Several naval officers have oft: n 
declared that, were they in action, they would 
totally disregard their net defenses, owing to 
their unwieldy working, and trust to their guns 
and helm. It was generally agreed by both the na- 
val and dockyard professional officers who were 
present at the time that, although the invention 
may be crude in some of its details, the princi- 
ple is athoroughly sound one. The cumber- 
some wooden spar weighs 11 cwt., whilst Mr. 
Bullivant’s spar, which is of the same length, 
and consists of a steel tube, weighs 5 cwt. 
Whether it is strong enough will have to be 
proved by tests at sea. Next, the wooden 
beams are made fast to the ship’s side by means 
of a hook which may at any time become un- 
shipped. The new invention is attached by a 
universal joint, by means of which the boom 
may be held in any conceivable position, but 
the most important feature of the boom is the 
traveler. Under the system at present in vogue 
the nets are attached to the booms by men in 
boats told off for the purpose, and it can 
readily be conceived how impossible this task 
would be in action, while with the nets already 
in position great difficulty is experienced in 
making the ship readily answer her helm. In 
‘ue Superb the nets are made fast on board to 
the head of the booms, and then thrown out to 
sea, thereby placing a great strain on the spars, 
The Bullivant system is simpler than either. 
The facility with which the traveler works was 
exemplified during the trial in nearly a dozen 
ways, the nets being entirely submerged while 
the booms were run fore and aft, and also 
covered by water. In a second or two they 
were square with the ship and set taut, then the 
net wus hauled in close to the ship, and the 
booms once more assumed a perpendicular 
position. In this way the net was brailed up, 
and in a very few minutes the booms and net 
were again ready for action. The importance 
of the invention is like.y to be felt in another 
direction of no less weight. The Russians are 
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reported to have discovered a torpedo which | 
cuts the nets and explodes at the ship. It is 

so arranged as to burst only at the second ob- | 
jectit touches. Now, with the wooden booms, 

the placing of the two nets is such a tedious 

process as to be for all useful purposes imprac- 

ticable. With the Bullivant boom it can easily 

be done, and would, therefore, be a protection 

against the new torpedo. Such are the merits | 
of the invention; but in the opinion of men 

best able to judge it is by no means perfect. It | 
was thought, in the first place, to be too frail 
both in the boom and in the joint, also that the 
brails and leads would require a further exer- 
cise of the ingenuity of the inventor. There 
are other minor details which demand improve- 
ment, but as to the general principle there was 
an unanimous opinion that it was the right one. 
It was also pointed out that in estimating the 
weight and bulk of spare spars in a ship the 
new invention was one tp be commended, for 
not only is it lighter, but it can be made in two 
parts, and joined in the middle by means of a 
screw. It is also cheaper than the wooden 
spars, and being so much lighter the distance 
of 45 feet now observed between the booms on 
the side of a man-of war can be reduced to 30 
feet, thereby imposing less strain and securing 
the tautness of the net. The experiments being 
considered a success, the booms will now be 
tried at sea on one of the ships about to be 
commissioned. 


HE SpanisH Navy.—The Spanish navy has 
T been placed under the control, as Minis- 
ter of Marine, of Admiral de Beranger, who is 
credited with great reforming intentions. Ad- | 
miral de Beranger is of French origin, and is 
allied by birth with the Montmorencys, the La 
Rochefoucaulds, and other great French famil- 
ies. His grandfather quitted France on the 
outbreak of the great revolution, and he him- 
self entered the Spanish naval service, in which 
he has attained reputation. The projects which 
Admiral de Beranger has now in hand are 
threefold: first, the creation of a new fleet at a 
cost of £7,596,000 ; second, the completion and 
improvement of the existing fleet at a cost of 
£904,000 ; and third, the purchase of additional 
materiel for the arsenals of Spain at a cost of 
£500,000. Admiral de Beranger proposes to 
carry out these reorganizations of the Spanish 
navy in four years, but he proposes to spread | 
the expense over nine years, so as to involve a 
charge to the state for that period of about 
£1,000,000 per annum. Further, Admiral de 
Beranger does not propose to charge this £1,-| 
000,000 per annum against the ordinary revenue 
of Spain, but he hopes to obtain it through the | 
sale of national forests. To go a little more | 
into the projects of Admiral de Beranger, we | 
may state that he proposes, first, the construc- | 
tion of eleven large cruisers, each of 3,000 to 
5,000 tons, and abie to steam 21 miles per hour; 
secondly, the construction of ten cruisers, of | 
1,000 to 1,500 tons each, and able to steam from | 
18 to 21 miles per hour; thirdly, the construc- 
tion of 96 first-class torpedo boats, of 100 to 
120 tons each; fourthly, the construction of 42 
second-class torpedo boats of (0 to 70 tons 
each ; and fifthly, the construction of a des aj 








shop transport of 3,000 tons. Admiral de Ber. 
anger further wishes to build for the service of 
distant colonies 16 gunboats of 350 to 500 tons 
each, and able to steam 16 to 18 miles per hour, 
and 16 gunboats of 200 to 250 tons each, able to 
steam 14to 16 miles per hour. If these 32 ves. 
sels are built, they will all be armed with tor- 
pedoes and mitrailleuses. Finally, Admiral de 
Beranger wishes to build for the colonial ser- 
vice 20 steam shallops, of from 30 to 35 tons 
each. Thecostof building all these vessels is 
estimated, as previously stated, at £7.596.000. 
Nogotiations for their construction have been 
commenced with sundry foreign firms, who are 
prepared, it is stated, to accept the terms of 
execution and payment proposed by Admiral de 
Reranger, viz.: four years and nine years re- 
spectively. The following vessels are now act- 
ually in course of construction, and will involve 
a cost of £904,000. proposed to be drawn from 
the sale of the national forests of Spain, exclu- 
sive of the annual credits allowed in the budget 
for naval purposes : The Pelayo, ironclad, 9,800 
tons burthen, building at the Seyne Works, 
France; the Regent, first-class cruiser,4.000 tons, 
building in England; the Cuba and the Suzon, 
torpedo cruisers, 1.050 tons each, building in En- 
gland; the Destructive, torpedo boat, 350 tons, 
building in England; four first-class torpedo 
boats: threecruisers already launched, the Al- 
fonso XIL., the Queen Christina, and the Queen 
Mercedes, 3.090 tons each; and five second- 
class cruisers, already afloat, but not yet finished, 
1,055 tons each. When all these vessels are 
ready for sea, Spain will have, Admiral de Ber- 
anger considers, a first-class squadron and a re- 
serve squadron. The first class squadron will 
be composed of the Pelayo, ironclad, 12 first- 


'elass cruisers. 13 second-class and thir |-class 


cruisers. 10 } first-class torpedo boats, 50 second- 
class torpedo boats, and one transport. The sec- 
ond-class squadron will be composed of two old 
ironclads, the Victoria and the Numancia; six 
first-class cruisers, 3,342 tons each; 32 second 


'and third-class vessels; and 53 small vessels, 


without reckoning 30 gunboats still in a stage 
of projection. The present staff of the Spanish 
navy comprises 8,000 officers and sailors, and 
between 5,000 and 6,000 marines; but if the 
projects of Admiral de Beranger are all carried 
out. this staff will have, of course, to be con- 
siderably increased. 
—_—————_— -_- 
BOOK NOTICES, 
PusiicaTions RECEIVED. 
APERS Of the Institution of Civil Engineers: 
No. 2100.—Heliography; or the Actinic 
Copying of Engineering Drawings. By Benja- 
min Howarth Thwaite, M. Inst. C. E. 
No, 2.161.—The Bilbao Iron Works. By 
Neil Kennedy, M. Inst. C. E. 
No. 2,199.—Note on the Gold Fields of South 
Africa. By Sidney Howard Farrar, 
The Roorkee Hydraulic Experiments. By 
E. 8. Bellasis, Assoc. M. Inst. C. E. 
A Text Book on Steam and Steam Engines. 
— Jamieson. London : Charles Griffin 
10. 
This is a course of thirty lectures, presenting 
in a concise way the History of the Early En- 
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ines, Heat, Evaporation, Expansion of Steam, 
Valve Motions, Boilers, and Locomotives. 

To adapt it to school use, questions are ap- 
pended to many of the chapters. 

The illustrations are numerous but are badly 
printed. 

Precious Stones in Nature, Art and Litera- 
ture. By S. M. Burnham. Boston: Bradlee 
Whidden. 


The chief difference between this and the 


several other books bearing similar titles, is | 


suggested by the reference in the title to Art 
and Literature. 

The book is beautifully printed and is worthy 
of a conspicuous place in a reference library. 

Regulations Governing the Uniform of Com- 
missioned Officers, Warrant Officers and En- 
listed Men of the Navy of the United States. 
Washington: Gov’t Printing Office. 


The title of this book gives sufficient account | 
of its contents. It is only necessary to add that | 
there are twenty-three plates iliustrating the | 


text. Most of them are in color. 


kK LEMENTS OF INoRGANIC CHEMiIsTRY. De- 
_. scriptive and Qualitative. By James H. 
SHeparD. Pp. 378 D.C. Heath & Co., Bos- 
ton. 1886. Price, $1.25. 

Of text books in Chemistry there are many. 
A few are good, but the greater number are in- 
different or bad. Those who teach the science, 
in looking for a suitable text book to place in 
the hands of their students, become discouraged; 
after examining the existing works, and en- 
deavoring to produce something better, their 
efforts frequently result in failure. The work 
before us does not come within this cate- 
gory. It has been carefully written, and then 
carefully read both in manuscript and proof by 
Prof. Ira Remsen, of the Johns Hopkins OUni- 
versity, and is in every way admirably adapted 
to the wants of both teacher and student. By 
its means chemistry is taught practically The 
student is compelled to experiment for himself, 
and does his own thinking, and it is then left to 
the teacher to explain difficulties and to add to 
the student’s knowledge from his own greater 
supply ofinformation. Solely on its merits, the 
book has already been adopted in nearly 
seventy-five colleges and schools. 

2 LECTRICITY IN THE SERVICE OF Man. By 
~ KR. Wormetrt, D. Sc. New York and 
London: Cassell & Co 

Applications of electricity have multiplied so 
rapidly of late, that the last treatise on the sub- 
ject is presumably the best. This work is 
voluminous and is abundantly illustrated with 
excellent wood cuts. A liberal amount of 
space is given to electric motors as well as to 
telephones. 

FE LEOTRICITY TREATED EXPERIMENTALLY. 
~ By Liyneavs Cummine, M. A. London: 
Rivingtons. 

This book presents the subject of Electricity 
as an experimental science, and is therefore 
adapted to the wants of an instructor who has 
the means of illustration at hand. 

The principle to be illustrated is kept care- 
fully in view, and the phenomena produced are 
skillfully interpreted. 

The work is in four parts: Magnetism ; Fric- 


tional Electricity; Voltaic Electricity ; Thermo- 
E ectricity. Questions for the instructor’s use 
are appended to the several parts. 
The illustrations are numerous and excellent. 
-_> —— 
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Vi DeEpREz’s experiments on electrical mo- 
. tive power, which have now been car- 
ried on for some time at Creil at the expense of 
Messrs. Rothschild, seem to be in a fair way of 
bearing important fruit. According to the re- 
sults, it appears that M. Deprez can with only 
one generator and one receptor, transmit to a 
distance of thirty-five miles a force of fifty-two 
horse-power, and that the machinery is now 
working regularly and continuously. The 
maximum electro-motive force is 6,290 volts, 





though prior to the construction of M. Deprez’s 
apparatus, the maximum force did not exceed 
2,000. This is a high rate of tension, though, 
to judge by the experience of the past six 
| months, it does not seem to be attended with 
| danger, no accident of any kind having arisen; 
|and it is perfectly feasible to leave the trans- 
| mitting wires uncovered on poles, so long as 
| they are sufficiently high to be out of reach of 
the hand. The cost of a circular line of seventy 
miles for a fifty horse-power of transmission is 
estimated at about £5,000, though this price 
would be much diminished if the machines 
were frequently constructed. It seems probable 
that a new and very practicable motor power 
will shortly be available for industrial pur- 
poses. 


a —M. Renard has conducted a 

series of experiments to demonstrate that 
the simple laws of electrolysis, which frequently 
do not seem to hold, become clearly apparent 
if sufficiently diluted solutions are employed. 
His solutions were of a concentration varying 
from 1, 2, 3, &c., ten-thousandths up to 1024 
| ten-thousandths. Of these solutions he used 
| one litre, with a thermopile yielding 3.65 volts, 
j}and employing two electrodes of 226 square 
| millimeters surface (3} square inches). The 
negative elec'rode consisted of a platinum 
| disk which was constantly moved to and fro 
| by the arm of an electric bell in order to offer 
| fresh liquid to the surface. The positive elec- 
trode was aplate of the respective metal. M. 
| Renard summarizes his results as follows: In 
| sufficiently diluted solutions the weights of 
metal precipitated are proportional to the 
| degrees of concentration; the weights of metal 
|are proportional to their chemical equiva- 
|lents; and since, according to Faraday’s law, 
| these weights precipitated are also proportional 
|to the current intensities, all metal solutions 
containing equivalent metal weights must have 
the same conductivity, This latter law had, by 
means of direct experiments, already been es- 
tablished by M. Bouty. 


HE Nature oF E,rtn Currents.—M. Lan- 
deren, a French savant, has for years past 

been making observations on the nature and 
role of earth currents at the city of Tortosa, and 
some of his remarks thereon are worthy of 
note. He believes that he has discovered the 
existence of telluric currents produced by the 
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wind, and he finds that the direction of the 
currents change during whole months at a time. 
From various experiments with aerial lines, a 
Mascart electrometer and galvanometers, he 
obtains the result that when the telluric current 
and the wind are both in the same direction, or 
if the angle their directions form is under a 
right angle, the deflections of the observing in- 
strument are of the same sign; but when the 
wind is directly opposite in direction to the 
current, or atan angle over aright angle, the 
deflections are of a different sign. He con- 
cludes that the potential of the tellurie current 
is very feeble ; and that the wind electrifies the 
earth rather than the wire, and develops in the 
earth a current of the same direction as itself, 
flowing through the soil over a large cross- 
section. While upon this subject we may 
mention a published report from America (for 
the truth of which, of course, we cannot vouch) 
to the effect that Mr. EdiSon is occupying his 
mind with the problem of utilizing earth cur- 
rents for telegraphic purposes. How he is to 
do it without the use of aerial wires is one of 
the mysteries of the report in question. 
i her Norwegian nickel and copper industries 
are suffering from great depression, the 
demand and prices, chiefly for the former 
metal, being reduced to a minimum. During 
the last few years several mines have been 
closed, and recently another nickel mine and a 
copper mine have had to follow this example. 
On the other hand, the owners of the Great 
Roraas Copper Works have decided upon 


adopting a new method for an improved and | 
more profitable production of their copper, in | 


which electricity plays the principal part, the 
introduction of which will cost £8,000. 


Rather more than six months prior to the 
death of Mr. D. Van Nostrand, the publisher 
and founder of this magazine, had entered into 
an arrangement with Mr. N. M. Forney, lately 
of the Ratirvad Gazette, New York, to transfer 
the publication of it to him Mr. Forney’s 
health, however, at the time, prevented the 
completion of the agreement, and by mutual 
consent the matter was laid over for another 
year, with the understanding that Mr. Van Nos- 
trand should continue the publication, and if 
Mr. Forney’s health permitted, then the agree- 
ment should be consummated on or before the 
end of 1886. Mr Van Nostrand died June 14, 
and the present writer, who had the manage- 
ment of his business, arranged with Mr. For- 
ney to make the transfer after the issue of the 
December number. 

It is deemed fitting, therefore, that in the 
final issue of the periodical that has so long and 


so eminently borne his name, some reference | 


should be made to his lifeand work. The por- 
trait which accompanies this number (see 
frontispiece) was engraved from a photograph 
taken some years since and represents him as 
he appeared before ill-health had made any 
inroads on him. Practically, however, he was 
but a little changed from this af@the time of his 
death, nor during the latter years of his life had 
age made any material difference in his personal 


T a recent meeting of the Berlin Physical 

A Society, Herr G. Baur described experi- 

ments he had made with water-jets, which, issu- 

| ing from a conically pointed tube in parabolic 
| curves, were acted upon by certain musical 
tones, so that, at some distance from the mouth 

of the tube, they showed a rotation, and that 

the jet, though broken up into drops behind 

the apex of the parabola, contracted into a con- 

| tinuous jet. The thinner was the jet the higher 
| must be the tone towards which it was sensi- 
tive ; the thicker the jet the deeper the tone. 
Herr Baur had instituted further experiments 
with water-jets which he caused to fall on plates. 
Under certain circumstances there thus arose 
quite pure tones, which continued as long as 
the jet hit on the plate. The experiments suc- 
ceeded best with a Weissmann apparatus, wher 
the jet issued under a pressure of 10cm. water 
from a lateral opening of 4mm. in diameter 
without tube. Thin window-glass plates and 
metal plates, which. resting on pedestals, had 
free movement of vibration, were best suited 
as receiving-plates. The tone was most cer- 
tain of occurrence when the node lines of the 





plates were supported. In the jet itself 
appeared nodes and ventral segments at some 
distance from the opening. They were most 
distinct and regular at its middle; away in 
the direction of the plates they again be- 
came indistinct. If the metal plate and the 
water, acidified beforehand, were connected 
with a galvanic cell and a telephone, then no 
interruption of the current could be recognized 
during the time of the sounding. The contact 
of the water-jet with the plate must necessarily, 
therefore, be continuous. Herr Baur deemed 
this mode of excitation very well adapted to 
| the purpose of studying the vibrations of plates. 


appearance. . To the casual observer his physical 
conditions excited no remarks, but to those 
nearer him there was a change plainly visible. 
His activity had departed, his original vigorous 
manner had given place to one of apparent 


| weariness and lassitude. For nearly six months 
| previous to his death he had abandoned his 
usual attention to business, albeit he maintained 
his interest in it and he kept on, hoping that he 
would still be able once more to take his usual 
place. The biographical sketch that is con- 
tributed to this final number of the magazine, 
| was written by a warm personal friend, who 
| had known him intimately for many years, and 
| it is offered as a memorial to the readers of the 
magazine, who, if they had never met him or 
}did not know him, will, at least, in this way, 
| be afforded more intimate knowledge of its 
| founder and its publisher. 
Ws. H. Farrineron. 
ADIEU. 
| Tothe American contributors to this maga- 
| zine is due the credit of earning for it the repu- 
|tation of being a representative journal of 
American engineering. To ail such as have 
| thus aided the editor at any time in his seven- 
| teen years of service, he desires now in his own 
name to tender his thanks and bid them and 
his readers adieu. Geo. W. Prympron. 























